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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a polishing method, a polishing 
device, and a manufacturing method for a semiconductor device, where 
occurrence of dishing or erosion is suppressed in a planarizing process for 
polishing a metal film to constitute wiring of a semiconductor device having 
a multilayer interconnection structure. 

SOLUTION: A process (PR4) for forming a passive state film on the 
surface of a metal film which prevents electrolytic reaction of the metal, 
process (PR5) where a protruding passive state film present on the surface 
of metal film which is generated by filling a wiring channel is selectively 
removed by mechanical polishing so that the protruding metal film is 
exposed on the surface, a process (PR6) where the exposed protruding 
part of the metal film is removed by electrolytic polishing, so that the rough 
surface of the metal film generated by filling of filling of the wiring channel 
is planarized, and a process (PR7) where a metal film present on the 
insulating film of the metal film whose surface is planarized is removed by 
electrolytic composite polishing, where electrolytic polishing and 
mechanical polishing are composed to form wiring are provided. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the polish equipment and the polish approach of carrying out flattening 
of the concave convex accompanying the multilayer-interconnection structure of a semiconductor device, and the 
manufacture approach of a semiconductor device with multilayer-interconnection structure. 
[0002] 

[Description of the Prior Art] With high integration of a semiconductor device, and a miniaturization, contraction-izing of 
detailed-izing of wiring and a wiring pitch and multilayering of wiring are progressing, and the importance of the 
multilayer-interconnection technique in the manufacture process of a semiconductor device is increasing. On the other 
hand, although aluminum (aluminum) has been conventionally used abundantly as a wiring material of the 
semiconductor device of multilayer-interconnection structure, in order to control the propagation delay of a signal in the 
design rule below the latest 0.25-micrometer Ruhr, development of the wiring process which replaced the wiring 
material with copper (Cu) from aluminum (aluminum) is performed briskly. When Cu is used for wiring, there is a merit 
that it is compatible in low resistance and high electromig ration resistance. In the process which used this Cu for wiring, 
a metal is embedded at the groove circuit pattern beforehand formed in the interlayer insulation film, for example, and it 
is CMP (Chemical Mechanical Polishing: chemical machinery polish). DAMASHIN which removes an excessive metal 
membrane and forms wiring by law (damascene) The wiring process called law is leading. Since etching of wiring 
becomes unnecessary and the upper interlayer insulation film will also become flat naturally further, this DAMASHIN 
method has the description that a process can be simplified, furthermore, dual DAMASHIN (dual damascene) which 
opens not only wiring but a contact hole in an interlayer insulation film as a slot, and embeds wiring and a contact hole 
with a metal at coincidence - in law, it becomes reducible [ still larger wiring processes ]. 

[0003] Here, an example of the wiring formation process by the above-mentioned dual DAMASHIN method is explained 
with reference to drawing 32 - drawing 37 . In addition, the case where Cu is used as a wiring material is explained, 
first, the interlayer insulation film 302 with which the impurity diffusion field which is not illustrated consists of silicon 
oxide on the substrate 301 which consists of semi-conductors, such as silicon currently formed suitably, as shown in 
drawing„32 - for example, the reduced pressure CVD (Chemical Vapour Deposition) - it forms by law. Subsequently, as 
shown in drawing 33 , the slot 304 in which wiring of the predetermined pattern electrically connected with the impurity 
diffusion field of the contact hole 303 and substrate 301 which lead to the impurity diffusion field of a substrate 301 is 
formed is formed using a well-known photolithography technique and an etching technique. Subsequently, as shown in 
drawing 34 , the barrier film 305 is formed in the front face of an interlayer insulation film 302 and a contact hole 303, 
and a slot 304. This barrier film 305 forms ingredients, such as Ta, Ti, TaN, and TiN, by the well-known spatter. The 
barrier film 305 is formed in order that the ingredient which constitutes wiring may prevent being spread in an interlayer 
insulation film 302. This is prevented, in order that especially Cu may have a large diffusion coefficient to silicon oxide 
and a wiring material may tend to oxidize by Cu, case [ whose interlayer insulation film 302 is / like silicon oxide ]. 
[0004] Subsequently, on the barrier film 305, as shown in drawjng„35 , the Cu film 307 is formed so that the seed Cu 
film 306 may be formed by predetermined thickness by the well-known spatter, and may be shown subsequently to 
drawing 36 , and a contact hole 303 and a slot 304 may be embedded by Cu. The Cu film 307 is formed by plating, the 
CVD method, a spatter, etc. Subsequently, as shown in drawin g 37 , flattening of the excessive Cu film 307 and the 
barrier film 305 on an interlayer insulation film 302 is removed and carried out by the CMP method. Wiring 308 and 
contact 309 are formed of this. A multilayer interconnection can be formed by repeating the above-mentioned process 
on wiring 308, and performing it. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, in the multilayer-interconnection formation process using the 
above-mentioned dual DAMASHIN method, in the process which removes the excessive Cu film 307 and the barrier film 



305 by the CMP method, since removal engine performance with an interlayer insulation film 302, the Cu film 307, and 
the barrier film 305 differed, disadvantageous profit of being easy to generate dishing, erosion (web thinning), a recess, 
etc. existed in wiring 308. When the large wiring 308 of width of face like about 100 micrometers exists in the design 
rule of 0.18-micrometer Ruhr, dishing is the phenomenon of the center section of the wiring concerned being removed 
superfluously and cratering it, and as shown in dr awing 38 , since the cross section of wiring 308 runs short if this 
dishing occurs, it causes poor wiring resistance. When comparatively elastic copper and aluminum are used for a wiring 
material, it is easy to generate this dishing. As shown in drawing 39 , erosion is the phenomenon in which a part with a 
high pattern consistency by which wiring with a width of face of 1.0 micrometers is formed in the range of 3000 
micrometers by 50% of consistency will be removed superfluously, and since the cross section of wiring runs short if 
erosion occurs, it causes poor wiring resistance. As shown in drawing 40 , wiring 308 becomes low on the boundary of 
an interlayer insulation film 302 and wiring 308, a recess is the phenomenon which can do a level difference, and since 
the cross section of wiring runs short also in this case, it causes poor wiring resistance. Furthermore, it is necessary to 
remove efficiently the Cu film 307 and the barrier film 305, and it is required at the process which removes the 
excessive Cu film 307 and the barrier film 305 by the CMP method that the polish rate which is the amount of removal 
per unit time amount should become 500 or more nm/min. If it is necessary to enlarge the processing pressure force 
over a wafer and the processing pressure force is enlarged in order to earn this polish rate, as shown in drawing 41 , it 
will be easy to generate Scratch SC and the chemical damage CD on a wiring front face, they will become it, and it will 
especially be easy to generate with elastic Cu and aluminum. For this reason, when it became the cause of the fault of 
opening of wiring, short one, and poor wiring resistance and the processing pressure force was enlarged, 
disadvantageous profit that the yield of the above-mentioned dishing, erosion, and a recess also became large existed. 
[0006] In case this invention carries out flattening of the metal membranes which are made in view of the above- 
mentioned problem, for example, have multilayer-interconnection structure, such as wiring of a semiconductor device, 
by polish, it can carry out flattening of the initial irregularity easily, and is excellent in the removal effectiveness of an 
excessive metal membrane, and offers the polish equipment which can control generating of superfluous removal and 
the polish approach of metal membranes, such as dishing and erosion, and the manufacture approach of a 
semiconductor device. 
[0007] 

[Means for Solving the Problem] The abrasive tools which the polish equipment of this invention has a polished surface, 
and have conductivity, and an abrasive-tools rotation maintenance means to rotate and hold said abrasive tools 
centering on a predetermined revolving shaft, The rotation maintenance means which holds a ground object and is 
rotated centering on a predetermined revolving shaft, The migration positioning means which carries out migration 
positioning of said abrasive tools in the target position of the direction which counters said ground object, A relative- 
displacement means to make the polished surface-ed of said ground object, and the polished surface of said abrasive 
tools displaced relatively along a predetermined flat surface, It has an electrolytic-solution supply means to supply the 
electrolytic solution on the polished surface-ed of said ground object, and an electrolytic current supply means to supply 
the electrolytic current which makes an anode plate the polished surface-ed of said ground object, and flows from said 
polished surface-ed to said abrasive tools through said electrolytic solution by using said abrasive tools as cathode. 
[0008] Moreover, it has the abrasive tools which have the polished surface which contacts while the polish equipment of 
this invention rotates all over the polished surface-ed of a ground object. It is polish equipment which is contacted 
making said polished surface rotate said ground object, and carries out flattening polish. Have an electrolytic-solution 
supply means to supply the electrolytic solution on said polished surface, and said polished surface is equipped with the 
anode plate electrode and cathode electrode of said ground object which can be energized to a polished surface-ed. 
Flattening polish of the polished surface-ed of said ground object is carried out by electrolysis compound polish which 
compounded electrolytic polishing by said electrolytic solution, and mechanical polishing by said polished surface. 
[0009] The polish approach of this invention makes the electrolytic solution intervene, forces the polished surface of 
conductive abrasive tools, and the front face of the ground object with which the metal membrane was formed in the 
front face or the inner layer at least, uses said abrasive tools as cathode, and makes the front face of said ground object 
an anode plate. The electrolytic current which flows from the front face of said ground object through said electrolytic 
solution to said abrasive tools is supplied. You make it displaced relatively along a predetermined flat surface, rotating 
both said abrasive tools and said ground object, and flattening of the metal membrane formed in said ground object of 
the electrolysis compound polish which compounded said electrolytic-solution **** electrolytic polishing and mechanical 
polishing by said polished surface is carried out. 

[0010] Moreover, the process which forms the passive state film which demonstrates the operation which bars the 
electrolysis reaction of the metal membrane concerned in the front face of a metal membrane on which the polish 
approach of this invention was formed in the ground object, The process which the electrolytic solution is made to 
intervene between the polished surface of conductive abrasive tools, and said metal membrane, and forces a polished 



surface and a metal membrane concerned, and impresses a predetermined electrical potential difference in between 
with said abrasive tools and said metal membrane, The polished surface of said abrasive tools and the metal membrane 
of said ground object are made displaced relatively along a predetermined flat surface. The process which removes 
alternatively the passive state film on the heights projected to the polished surface of said abrasive tools among said 
metal membranes by mechanical polishing of said abrasive tools, It has the process which removes the heights of the 
metal membrane which said passive state film was removed and was exposed to the front face according to the 
electrolytic-polishing operation by said electrolytic solution, and carries out flattening of said metal membrane. 
[0011] The manufacture approach of the semiconductor device of this invention so that the process which forms the slot 
for wiring for forming wiring in the insulator layer formed on the substrate, and said slot for wiring may be embedded 
The process which forms the passive state film which demonstrates the operation which bars the electrolysis reaction of 
the metal membrane concerned in the front face of the process which makes a metal membrane deposit on said 
insulator layer, and the metal membrane deposited on said insulator layer, The process which mechanical polishing 
removes [ process ] alternatively the immobilization film on the heights which exist in the front face of said metal 
membrane produced by the embedding of said slot for wiring among the passive state film formed in said metal 
membrane, and exposes the heights of the metal concerned on a front face, Electrolytic polishing removes the heights 
of said exposed metal membrane, and it has the process which carries out flattening of the irregularity of the front face 
of said metal membrane produced by the embedding of said slot for wiring. 

[0012] moreover, the electrolysis compound polish which compounded electrolytic polishing and mechanical polishing 
for the excessive metal membrane to which the manufacture approach of the semiconductor device of this invention 
exists on said insulator layer of the metal membrane to which flattening of said front face was carried out - it removes 
and has further the process which forms said wiring. 

[0013] By the manufacture approach of the semiconductor device of this invention, the passive state film is formed in 
the metal membrane which has irregularity in a front face, and the heights of a metal membrane are exposed to a front 
face by removing the passive state film mechanically. The heights of this metal membrane are alternatively eluted by 
the electrolytic action by the electrolytic solution by using the remaining passive state film as a mask. Consequently, 
flattening of the initial irregularity of a metal membrane is carried out. Moreover, in case the metal membrane to which 
flattening of the initial irregularity was carried out is removed by electrolysis compound polish at high efficiency, for 
example, wiring is formed, the excessive metal membrane which exists on an insulator layer is removed by high 
efficiency. If an excessive metal membrane is removed and an insulator layer is exposed, the electrolytic action of the 
part will stop automatically and the metal membrane embedded in the slot for wiring formed in the insulator layer will 
not be removed superfluously. 
[0014] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained with reference to a 
drawing. 

The block dia g ram 1 of polish equipment is drawing showing the configuration of the polish equipment concerning 1 
operation gestalt of this invention. Drawin g 2 is the important section enlarged drawing of the processing head section 
of the polish equipment shown in drawin g 1 . The polish equipment 1 shown in drawing 1 is equipped with the 
processing head section 2, the electrolysis power source 61, the controller 55 that has the function which controls the 
polish equipment 1 whole, the slurry feeder 71, and the electrolytic-solution feeder 81. In addition, although not 
illustrated, polish equipment 1 is installed in a clean room, and the taking-out close port which carries out taking-out 
close [ of the wafer cassette which held the wafer as a ground object ] is prepared in the clean room concerned. 
Furthermore, the wafer carrier robot which delivers a wafer between the wafer cassettes and the polish equipment 1 
which were carried in in the clean room through this taking-out close port is installed between a taking-out close port 
and polish equipment 1. 

[0015] The processing head section 2 holds abrasive tools 3, makes it rotate, and is equipped with the abrasive-tools 
attaching part 11 holding abrasive tools 3, the Z-axis positioning device section 31 which positions the abrasive-tools 
attaching part 11 to the target position of Z shaft orientations, and the X-axis migration device section 41 which is made 
to hold and rotate the wafer W as a ground object, and moves to X shaft orientations. In addition, the abrasive-tools 
attaching part 11 supports one example of the abrasive-tools rotation maintenance means of this invention, the X-axis 
migration device section 41 supports one example of the rotation maintenance means of this invention, and a relative- 
displacement means, and the Z-axis positioning device section 31 supports one example of the migration positioning 
means of this invention. 

[0016] The Z-axis positioning device section 31 is connected with the Z-axis servo motor 18 fixed to the column which is 
not illustrated, and the supporting structure 12 and the main shaft motor 13, and has the Z-axis slider 16 with which the 
screw section screwed in ball screw shaft 18a connected to the Z-axis servo motor 18 was formed, and the guide rail 17 
installed in the column which holds the Z-axis slider 16 free [ migration to Z shaft orientations ], and which is not 



illustrated. 

[0017] From the Z-axis driver 52 connected to the Z-axis servo motor 18, a drive current is supplied and the rotation 
drive of the Z-axis servo motor 18 is carried out. Ball screw shaft 18a is prepared along the direction of Z shaft 
orientations, an end is connected to the Z-axis servo motor 18, and the other end is held free [ rotation ] by the 
attachment component prepared in the column which the above does not illustrate. Thereby, the Z-axis positioning 
device section 31 carries out migration positioning of the abrasive tools 3 held at the abrasive-tools attaching part 11 by 
the drive of the Z-axis servo motor 18 in the location of the arbitration of Z shaft orientations. Positioning accuracy of 
the Z-axis positioning device section 31 is made into the resolution of about 0.1 micrometers. 
[0018] The wafer table 42 on which the X-axis migration device 41 acts as the tea king of the wafer W, The supporting 
structure 45 held for the wafer table 42, enabling free rotation, and the drive motor 44 which supplies the driving force 
which rotates the wafer table 42, The belt 46 which connects a drive motor 44 and the revolving shaft of the supporting 
structure 45, The processing pan 47 prepared in the supporting structure 45, and the X-axis slider 48 with which a drive 
motor 44 and the supporting structure 45 were installed, It has the X-axis servo motor 49 by which the pedestal was 
carried out to the stand which is not illustrated, ball screw shaft 49a connected to the X-axis servo motor 49, and 
moving-part material 49b in which the screw section which connects with the X-axis slider 48 and is screwed in ball 
screw shaft 49a was formed. 

[0019] The wafer table 42 adsorbs Wafer W for example, with a vacuum adsorption means. The processing pan 47 is 
formed in order to collect the used electrolytic solution and liquids, such as a slurry. A drive motor 44 can be driven by 
supplying a drive current from the table driver 53, and the wafer table 42 can be rotated at a predetermined rotational 
frequency by controlling this drive current. According to the drive current supplied from the X-axis driver 54 connected 
to the X-axis servo motor 49, the X-axis servo motor 49 carries out a rotation drive, and the X-axis slider 48 drives it to 
X shaft orientations through ball screw shaft 49a and moving-part material 49b. At this time, speed control of X shaft 
orientations of the wafer table 42 is attained by controlling the drive current supplied to the X-axis servo motor 49. 
[0020] _DrawLng_2 is drawing showing an example of the internal structure of the abrasive-tools attaching part 11. The 
abrasive-tools attaching part 11 is equipped with abrasive tools 3, the flange material 4 holding abrasive tools 3, the 
supporting structure 12 held for the flange material 4, enabling free rotation, the main shaft motor 13 which is 
connected with main shaft 12a held at the supporting structure 12, and is made to rotate the main shaft 12a concerned, 
and the cylinder equipment 14 formed on the main shaft motor 13. 

[0021] The main shaft motor 13 consists of a direct drive motor, and Rota which this direct drive motor does not 
illustrate is connected with main shaft 12a held at the supporting structure 12. Moreover, the main shaft motor 13 has 
the through tube by which piston rod 14b of cylinder equipment 14 is inserted in a core. The main shaft motor 13 is 
driven according to the drive current supplied from the main shaft driver 51. 

[0022] The supporting structure 12 is equipped for example, with air bearing, and holds main shaft 12a free [ rotation ] 
at this air bearing. Main shaft 12a of the supporting structure 12 also has the through tube by which piston rod 14b of 
cylinder equipment 14 is inserted in a core. 

[0023] The flange material 4 is formed from the metallic material, it connected with main shaft 12a of the supporting 
structure 12, the pars basilaris ossis occipitalis was equipped with opening 4a, and abrasive tools 3 have fixed to lower 
limit side 4b. The upper limit side 4c side of the flange material 4 is connected with main shaft 12a held at the 
supporting structure 12, and also rotates the flange material 4 by rotation of main shaft 12a. Upper limit side 4c of the 
flange material 4 touches the energization brush 27 fixed to the conductive energization member 28 prepared in the 
side face of the main shaft motor 13 and the supporting structure 12, and the energization brush 27 and the flange 
material 4 are connected electrically. 

[0024] It is fixed on the case of the main shaft motor 13, cylinder equipment 14 contains piston 14a, and piston 14a 
drives it with the pneumatic pressure supplied for example, in cylinder equipment 14 to one sense of the arrow heads 
Al and A2. Piston rod 14b is connected with this piston 14a, and piston rod 14b passed along the core of the main shaft 
motor 13 and the supporting structure 12, and has projected from opening 4a of the flange material 4. The press 
member 21 is connected at the tip of piston rod 14b, and this press member 21 is connected with it in the 
predetermined range to piston rod 14b by the linkage in which posture modification is possible. The contact of the press 
member 21 is attained at the periphery section of opening 22a of the electric insulating plate 22 arranged in the location 
which counters, and it presses an electric insulating plate 22 by the drive to the arrow-head A 2-way of piston rod 14b. 
[0025] The through tube is formed in the core of piston rod 14b of cylinder equipment 14, the energization shaft 20 is 
inserted into a through tube, and it is fixed to piston rod 14b. It is formed from the conductive ingredient and the upper 
limit side is extended to the rotary joint 15 which penetrated piston 14a of cylinder equipment 14, and was prepared on 
cylinder equipment 14, piston rod 14b and the press member 21 were penetrated, even the electrode plate 23 is 
extended, and the energization shaft 20 is connected to the electrode plate 23 by the lower limit side. 
[0026] The through tube is formed in the core and the energization shaft 20 serves as a supply nozzle with which this 



through tube supplies a chemical-polishing agent (slurry) and the electrolytic solution on Wafer W. Moreover, the 
energization shaft 20 has played the role which connects a rotary joint 15 and the electrode plate 23 electrically. 
[0027] The rotary joint 15 connected to the upper limit section of the energization shaft 20 is electrically connected with 
the plus pole of the electrolysis electrode 61, and this rotary joint 15 maintains the energization to the energization shaft 
20, even if the energization shaft 20 rotates. That is, even if the energization shaft 20 rotates, the potential of plus is 
impressed from the electrolysis electrode 61 by the rotary joint 15. 

[0028] the metal membrane which the electrode plate 23 connected to the lower limit section of the energization shaft 
20 consists of a metallic material, and is especially formed in Wafer W - ** - it is formed with the metal. The top-face 
side is held at the electric insulating plate 22, the periphery section of the electrode plate 23 has fitted into an electric 
insulating plate 22, and, as for the electrode plate 23, the scrub member 24 is stuck on the inferior-surface-of-tongue 
side. 

[0029] Here, drawing 3 (a) is the bottom view showing an example of the structure of the electrode plate 23, and 
drawing 3 (b) is the sectional view showing the physical relationship of the electrode plate 23, and the energization 
shaft 20, the scrub member 24 and an insulating member 4. As shown in drawing ^ (a), circular opening 23a is prepared 
in the center section of the electrode plate 23, and two or more slot 23b extended to radial [ of the electrode plate 23 ] 
focusing on this opening 23a at a radial is formed. Moreover, as shown in drawing ^ (b), fitting fixing of the lower limit 
section of the energization shaft 20 is carried out at opening 23a of the electrode plate 23. It is spread all over the scrub 
member 24 through slurry and electrolytic-solution fang furrow section 23b supplied by considering as such a 
configuration through supply nozzle 20a formed in the core of the energization shaft 20. That is, if a slurry and the 
electrolytic solution are supplied to the top side of the scrub member 24 through supply nozzle 20a formed in the core 
of the energization shaft 20 while the electrode plate 23, the energization shaft 20 and the scrub member 24, and an 
insulating member 4 rotate, a slurry and the electrolytic solution will spread in the whole top side of the scrub member 

24. In addition, supply nozzle 20a of the scrub member 24 and the energization shaft 20 supports one example of the 
abrasive material supply means of this invention, and an electrolytic-solution supply means. Moreover, the electrode 
plate 23, the energization shaft 20, and the rotary joint 15 support one example of the energization means of this 
invention. 

[0030] The scrub member 24 stuck on the inferior surface of tongue of the electrode plate 23 absorbs the electrolytic 
solution and a slurry, and is formed from the ingredient which can make a bottom side pass these from a top side. 
Moreover, this scrub member 24 is formed from the ingredient of the shape of a soft brush, a sponge-like ingredient, a 
porous ingredient, etc. so that the field which counters Wafer W may be the field which contacts Wafer W and carries 
out the scrub of the wafer W and a wafer W front face may not be made to generate a scratch etc. For example, the 
porous body which consists of resin, such as urethane resin, melamine resin, an epoxy resin, and a polyvinyl acetal 
(PVA), is mentioned. 

[0031] The electric insulating plate 22 is formed from insulating materials, such as ceramics, and this electric insulating 
plate 22 is connected with main shaft 12a of the supporting structure 12 by the connection member 26 of the shape of 
two or more rod. The connection member 26 is arranged at equal intervals from the medial axis of an electric insulating 
plate 22 in the predetermined radius location, and is held free [ migration ] to main shaft 12a of the supporting 
structure 12. For this reason, the electric insulating plate 22 is movable to the shaft orientations of main shaft 12a. 
Moreover, between an electric insulating plate 22 and main shaft 12a, it connects by the elastic member 25 which 
consists of a coil spring corresponding to each connection member 26. 

[0032] If high-pressure air is supplied to cylinder equipment 14 and piston rod 14b is dropped to the sense of an arrow 
head A2 by enabling migration of an electric insulating plate 22 to main shaft 12a of the supporting structure 12, and 
considering as the configuration which connects an electric insulating plate 22 and main shaft 12a by the elastic member 

25, the press member 21 will depress an electric insulating plate 22 caudad against the stability of an elastic member 
25, and the scrub member 24 will also descend with this. If supply of the high-pressure air from this condition to 
cylinder equipment 14 is suspended, according to the stability of an elastic member 25, an electric insulating plate 22 
will go up and the scrub member 24 will also go up with this. 

[0033] Abrasive tools 3 have fixed to annular lower limit side 4b of the flange material 4. These abrasive tools 3 are 
formed in the shape of a wheel, and equip the lower limit side with annular polished surface 3a. Abrasive tools 3 have 
conductivity and form it with the ingredient of elasticity nature comparatively preferably, for example, the carbon in 
which the binder matrix (binder) itself has conductivity - or it can form from the porous body which consists of resin, 
such as urethane resin containing conductive ingredients, such as sintered copper and a metal compound, melamine 
resin, an epoxy resin, and a polyvinyl acetal (PVA). Direct continuation of the abrasive tools 3 is carried out to the flange 
material 4 which has conductivity, and they are energized from the energization brush 27 in contact with the flange 
material 4. That is, the conductive energization member 28 prepared in the side face of the main shaft motor 13 and the 
supporting structure 12 is electrically connected with the minus pole of the electrolysis power source 61, the 



energization brush 27 formed in the energization member 28 touches upper limit side 4c of the flange material 4, and, 
thereby, abrasive tools 3 are electrically connected through the electrolysis power source 61, the energization member 
28, the energization brush 27, and the flange material 4. 

[0034] As abrasive tools 3 are shown in d rawi ng 4 , polished surface 3a inclines at the minute include angle to a medial 
axis. Moreover, main shaft 12a of an attachment component 12 as well as the inclination of polished surface 3a inclines 
to the principal plane of Wafer W. For example, the minute inclination of main shaft 12a can be made by adjusting the 
installation posture to the Z-axis slider 16 of an attachment component 12. Thus, when the medial axis of abrasive tools 
3 inclines at the minute include angle to the principal plane of Wafer W and polished surface 3a of abrasive tools 3 is 
forced on Wafer W by the predetermined processing pressure force F, the effectual operation field S to the wafer W of 
polished surface 3a turns into a field of the shape of a straight line extended to radial [ of abrasive tools 3 ], as shown in 
drawing 4 . For this reason, in case Wafer W is moved to X shaft orientations to abrasive tools 3 and polish descent is 
performed, while moving to drawing 5 (b) from the condition of drawing_5 (a), the area of the effectual operation field S 
serves as abbreviation regularity. With the polish equipment 1 concerning this operation gestalt, make a part of polished 
surface 3a of abrasive tools 3 act on the front face of Wafer W partially, the front face of Wafer W is made to scan the 
effectual operation field S to homogeneity, and the whole surface of Wafer W is ground to homogeneity. 
[0035] The electrolysis power source 61 is equipment which impresses a predetermined electrical potential difference 
between above-mentioned rotary joints 15 and energization brushes 12. By impressing an electrical potential difference 
between a rotary joint 15 and the energization brush 12, the potential difference occurs between abrasive tools 3 and 
the scrub member 24. Preferably, an electrical potential difference is outputted in the shape of a pulse a fixed period, 
for example, not the constant voltage power supply that always outputs a fixed electrical potential difference but the DC 
power supply which built in the switching regulator circuit are used for the electrolysis power source 61. A pulse-like 
electrical potential difference is outputted a fixed period, and, specifically, the power source which can be changed 
suitably is used for pulse width. As an example, output voltage used what DC150V and peak output current can change 
into either 2-3A, and whose pulse width are 1, 2, 5, 10, and 20 or 50 microseconds. It considers as the voltage output 
of the shape of a pulse with the above short width of face for making very small the electrolysis elution volume per one 
pulse. That is, the spark discharge by sudden change of the electric resistance started when discharge, air bubbles, 
particle, etc. by the sudden change of the distance between electrodes seen when it contacts, the irregularity of the 
metal membrane formed in the front face of Wafer W, intervene etc. is effective in order to make huge elution of the 
shape of a sudden crater of a metal membrane prevention or the continuation of a small thing controlled as much as 
possible. Moreover, as compared with the output current, since output voltage is comparatively high, a certain amount 
of margin can be set as a setup of the distance between electrodes. That is, even if the distance between electrodes 
changes somewhat, since output voltage is high, current value change is small. 

[0036] The electrolysis power source 61 is equipped with the ammeter 62 as a current detection means of this 
invention, in order that this ammeter 62 may carry out the monitor of the electrolytic current which flows to the 
electrolysis power source 61, it is prepared, and 62s of current value signals which carried out the monitor is outputted 
to KONTORA 55. Moreover, it has the ohm-meter 63 as a resistance detection means of this invention, this ohm-meter 
63 is established in order to carry out monitoring of the electric resistance between the abrasive tools 3 and the 
electrode plates 23 which went via the front face of Wafer W based on the current which flows to the electrolysis power 
source 61, and the electrolysis power source 61 outputs 63s of electric resistance value signals which carried out 
monitoring to KONTORA 55. 

[0037] The slurry feeder 71 supplies a slurry to supply nozzle 20a of the above-mentioned energization shaft 20. The 
thing which made the water solution which has as a slurry the oxidizing power which used a hydrogen peroxide, iron 
nitrate, a potassium iodate, etc. as the base as an object for polish of a metal membrane contain an aluminum oxide 
(alumina), cerium oxide, a silica, a germanium dioxide, etc. as a polish abrasive grain is used. Moreover, a polish 
abrasive grain is just beforehand electrified, in order to improve dispersibility and to hold a colloidal state. 
[0038] The electrolytic-solution feeder 81 supplies the electrolytic solution EL to the processing head section 11. The 
electrolytic solution EL is a solution which consists of a solvent and a solute separated in ion. As this electrolytic solution, 
the water solution which adjusted the reducing agent to the nitrate or the chloride system can be used. 
[0039] A controller 55 has the function which controls the whole polish equipment 1. Specifically Output 51s of control 
signals to the main shaft driver 51, and the rotational frequency of abrasive tools 3 is controlled. Output 52s of control 
signals to the Z-axis driver 52, and point-to-point control of Z shaft orientations of abrasive tools 3 is performed. 53s of 
control signals is outputted to the table driver 53, the engine speed of Wafer W is controlled, 54s of control signals is 
outputted to the X-axis driver 54, and the speed is controlled in X shaft orientations of Wafer W. Moreover, a controller 
55 controls actuation of the electrolytic-solution feeder 81 and the slurry feeder 71, and controls the electrolytic solution 
EL to the processing head section 2, and supply actuation of Slurry SL. 

[0040] Moreover, a controller 55 is controllable in the output voltage of the electrolysis power source 61, the frequency 



of an output pulse, the width of face of an output pulse, etc. Moreover, 62s of current value signals and 63s of electric 
resistance value signals from the ammeter 62 and ohm-meter 63 of the electrolysis power source 61 are inputted into a 
controller 55. A controller 55 is controllable in actuation of polish equipment 1 based on 62s of these current value 
signals, and 63s of electric resistance value signals. By making 62s of current value signals into a feedback signal, the Z- 
axis servo motor 18 controls, or actuation of polish equipment 1 is controlled based on the value of the current value 
specified by 62s of current value signals, and 63s of electric resistance value signals, and an electric resistance value to 
stop polish processing so that the electrolytic current acquired from 62s of current value signals specifically becomes 
fixed. 

[0041] An operator inputs various kinds of data, or the control panel 56 connected to the controller 55 displays 62s of 
current value signals and 63s of electric resistance value signals which carried out monitoring. 
[0042] Next, the case where the metal membrane formed in the wafer W front face in the polish actuation by the 
above-mentioned polish equipment 1 is ground is explained to an example. In addition, the case where the metal 
membrane which consists of copper is formed in the front face of Wafer W is explained. First, chucking of the wafer W 
is carried out to the wafer table 45, the wafer table 45 is driven, and Wafer W is rotated at a predetermined rotational 
frequency. Moreover, the wafer table 45 is moved to X shaft orientations, the abrasive tools 3 attached in the flange 4 
are located in the upper predetermined location of Wafer W, and abrasive tools 3 are rotated at a predetermined 
rotational frequency. If abrasive tools 3 are rotated, the rotation drive also of the electric insulating plate 22 connected 
with the flange 4, the electrode plate 23, and the scrub member 24 will be carried out. Moreover, the press member 21 
which is pressing the scrub member 24, piston rod 14b, piston 14a, and the energization shaft 20 also rotate to 
coincidence. 

[0043] If Slurry SL and the electrolytic solution EL are supplied to supply nozzle 20a within the energization shaft 20, 
respectively from the slurry feeder 71 from this condition, and the electrolytic-solution feeder 81, Slurry SL and the 
electrolytic solution EL will be supplied from the whole surface of the scrub member 24. Abrasive tools 3 are dropped to 
Z shaft orientations, polished surface 3a of abrasive tools 3 is contacted on the front face of Wafer W, and it is made to 
press by the predetermined processing pressure force. Moreover, the electrolysis power source 61 is started, the 
potential of minus is impressed to abrasive tools 3 through the energization brush 27, and the potential of plus is 
impressed to the scrub member 24 through a rotary joint 15. 

[0044] Furthermore, high-pressure air is supplied to cylinder equipment 14, piston rod 14b is dropped in the direction of 
the arrow head A2 of drawing 1 , and the inferior surface of tongue of the scrub member 24 is moved to Wafer W to the 
location contacted or approached. The wafer table 45 is moved to X shaft orientations by the predetermined rate 
pattern from this condition, and polish processing of the whole surface of Wafer W is carried out uniformly. 
[0045] It is the schematic diagram showing the condition of drawing 6 having dropped abrasive tools 3 to Z shaft 
orientations in polish equipment 1, and having made the front face of Wafer W contacting here, drawing.7 is an 
enlarged drawing in the circle C of drawing 6 , and drawing 8 is an enlarged drawing in the circle D of drawingJZ . It 
energizes as cathode by contacting directly through the electrolytic solution EL supplied on Wafer W at the metal 
membrane MT which is energized as an anode plate by contacting directly through the electrolytic solution EL supplied 
on Wafer W at the metal membrane MT by which the scrub member 24» was formed in Wafer W as shown in drawing 7 , 
and by which abrasive tools 3 were also formed in Wafer W. In addition, as shown in drawing 7 , gap deltab exists 
between a metal membrane MT and the scrub member 24. Furthermore, as shown in drawingjj , gap deltaw exists 
between a metal membrane MT and polished surface 3a of abrasive tools 3. It is the current iO which is very large as for 
the resistance R0 of an electric insulating plate 4, therefore flows from the scrub member 24 to abrasive tools 3 through 
an electric insulating plate 4 although the electric insulating plate 4 intervenes between abrasive tools 3 and the scrub 
member 24 (electrode plate 23) as shown in drawin g 7 . It is about 0 and a current does not flow from the scrub 
member 24 to abrasive tools 3 through an electric insulating plate 4. 

[0046] For this reason, the current which flows from the scrub member 24 to abrasive tools 3 is the current il which 
flows to abrasive tools 3 via the resistance Rl in the direct electrolytic solution EL. It branches to current i2 which flows 
in the current which flows [ be / it / under / electrolytic-solution EL / passing ] to abrasive tools 3 again out of the 
electrolytic solution EL via the metal membrane MT which consists of copper formed in the front face of Wafer W. If 
current i2 flows on the front face of a metal membrane MT, the copper which constitutes a metal membrane MT will be 
ionized by the electrolytic action of the electrolytic solution EL, and will be eluted in the electrolytic solution EL. 
[0047] Here, the resistance Rl in the electrolytic solution EL becomes extremely large in proportion to the distance d of 
the scrub member 24 as an anode plate, and the abrasive tools 3 as cathode. For this reason, current il which flows to 
abrasive tools 3 via the resistance Rl in the direct electrolytic solution EL by making the distance between electrodes d 
larger enough than gap deltab and gap deltaw It becomes very small, current i2 becomes large, and a metal membrane 
MT will carry out the surface course of most electrolytic current. For this reason, electrolysis elution of the copper which 
constitutes a metal membrane MT can be performed efficiently. Moreover, since the magnitude of current i2 changes 



with the magnitude of gap deltab and gap deltaw, as mentioned above, it can make current \2 regularity by performing 
position control of Z shaft orientations of abrasive tools 3, and adjusting the magnitude of gap deltab and gap deltaw by 
the controller 55. Adjustment of the magnitude of gap deltaw is possible by controlling the Z-axis servo motor 18 by 
making 62s of current value signals into a feedback signal so that the electrolytic current acquired from 62s of current 
value signals, i.e., current i2, may become fixed. Moreover, the positioning accuracy of Z shaft orientations of polish 
equipment 1 is fully as high as the resolution of 0.1 micrometers, in addition since it is always maintained uniformly, 
whenever the activation-[ making main shaft 12a incline at a minute include angle to the principal plane of Wafer W ] 
touch area S controls the value of electrolytic current uniformly, it is made as current density is always fixed, and can 
also make the electrolysis elution volume of a metal membrane regularity. 

[0048] as mentioned above, the electrolytic action according the metal which constitutes the metal membrane MT 
formed in the wafer W which mentioned above the polish equipment 1 of the above-mentioned configuration to the 
electrolytic solution EL - it has the electrolytic-polishing function which carries out elution removal. Furthermore, in 
addition to this electrolytic-polishing function, the polish equipment 1 of the above-mentioned configuration is equipped 
also with the chemical machinery polish function of abrasive tools 3 and the usual CMP equipment by Slurry SL, and it 
can also perform grinding Wafer W according to these electrolytic-polishing function and a compound operation of 
chemical machinery polish (henceforth electrolysis compound polish). Moreover, the polish equipment 1 of the above- 
mentioned configuration can also perform polish processing according to a compound operation with mechanical polish 
and the electrolytic-polishing function of polished surface 3a of abrasive tools 3, without using Slurry SL. Since the polish 
equipment 1 of the above-mentioned configuration can grind a metal membrane according to a compound operation of 
electrolytic polishing and chemical machinery polish, it can remove a metal membrane in high efficiency far compared 
with the polish equipment only using chemical machinery polish or mechanical polishing. Since the high polish rate to a 
metal membrane is obtained, it becomes possible to suppress low the processing pressure force F over the wafer W of 
abrasive tools 3 compared with the polish equipment only using chemical machinery polish or mechanical polishing, and 
generating of dishing and erosion can be controlled. 

[0049] The case where it applies to the wiring formation process by the dual DAMASHIN method of the semiconductor 
device of multilayer-interconnection structure hereafter about the polish approach using the electrolysis compound 
polish function of the polish equipment 1 concerning this operation gestalt is explained to an example. 
[0050] < - A HREF = - " - /-- Tokujitu/tjitemdrw . - ipdl?N - 0000 - = - 239 - & - N - 0500 - = - one - EJM - 
- /--; -->--<--? - 88 - > - > - eight -- /-- /-- /-- & -- N 0001 -- = - 636 - & — N - 0552 - = - nine - & — N - 
0553 ~ = ~ 000011 - 11 - TARGET -- = - "tjitemdrw" - > - drawin g 9 - this invention - a semiconductor device - 
manufacture - an approach one -- operation - a gestalt - starting - manufacture - a process - be shown - 
process drawing - it is - drawing 9 - be shown - process drawing be based - a book - operation - a gestalt - 
starting - manufacture - a process - explaining . first, the interlayer insulation film 102 with which the impurity 
diffusion field which is not illustrated is suitably formed, for example, consists of silicon oxide (Si02) on the wafer W 
which consists of semi-conductors, such as silicon, as shown in drawing 10 as for example, the source of a reaction ~ 
TEOS (tetraethylorthosilicate) using - reduced pressure CVD (Chemical Vapour Deposition) - it forms by law. 
Subsequently, as shown in drawing 11 , the slot 104 for wiring in which wiring of the predetermined pattern electrically 
connected with the impurity diffusion field of the contact hole 103 and Wafer W which lead to the impurity diffusion field 
of a wafer is formed is formed using a well-known photolithography technique and an etching technique, for example. 
In addition, the depth of the slot 104 for wiring is about 800nm. 

[0051] Subsequently, as shown in drawing 12 , the barrier film 105 is formed in the front face of an interlayer insulation 
film 102 and a contact hole 103, and the slot 104 for wiring. This barrier film 305 is PVD (Physical Vapor Deposition) 
which used ingredients, such as Ta, Ti, TaN, and TiN, for the sputtering system, the vacuum evaporation system, etc. 
By law, it forms by about 15nm thickness. The barrier film 305 is formed in order that the ingredient which constitutes 
wiring may prevent being spread in an interlayer insulation film 102, and in order to raise adhesion with an interlayer 
insulation film 102. This is prevented, in order that especially copper may have a large diffusion coefficient to silicon 
oxide and a wiring material may tend to oxidize with copper, case [ whose interlayer insulation film 102 is / like silicon 
oxide ]. The process to the above is the process PR 1 shown in drawin g 9 . 

[0052] Subsequently, as shown in drawing 13 , the same ingredient 106 as a wiring formation ingredient, for example, 
the seed film which consists of copper, is formed by about 150nm thickness by the well-known spatter on the barrier 
film 105 (process PR 2). When copper is embedded in the slot for wiring, and a contact hole, the seed film 106 is 
formed in order to urge growth of a copper grain. Subsequently, as shown in drawing 14 , the metal membrane 107 
which consists of copper is formed by about 2000nm thickness on the barrier film 105 so that a contact hole 103 and 
the slot 104 for wiring may be embedded. Preferably, although a metal membrane 107 is formed by electrolysis plating 
or the electroless deposition method, it may be formed by the CVD method, a spatter, etc. In addition, the seed film 106 
is united with a metal membrane 107 (process PR 3). 



[0053] Here, drawing 15 is the enlarged drawing of the cross section of the semiconductor device in the middle of the 
manufacture process in which the metal membrane 107 was formed on the barrier film 105. As shown in drawing 15 , in 
the front face of a metal membrane 107, irregularity with a height of about 600nm has occurred for the embedding to a 
contact hole 103 and the slot 104 for wiring. Although the above process is performed in the same process as usual, it 
performs removal of the excessive metal membrane 107 which exists on an interlayer insulation film 102, and the 
barrier film 105 by the polish approach of this invention not by chemical machinery polish but by electrolysis compound 
polish of above polish equipment 1. Moreover, by the polish approach of this invention, in advance of the process by the 
above-mentioned electrolysis compound polish, as shown in drawing 16 , the passive state film 108 is formed in the 
front face of a metal membrane 107 (process PR 4). This passive state film 108 is film which consists of an ingredient 
which demonstrates the operation which bars the electrolysis reaction of the metal (copper) which constitutes a metal 
membrane 107. 

[0054] The formation approach of the passive state film 108 applies an oxidizer to the front face of a metal membrane 
107, and forms an oxide film in it. When the metal which constitutes a metal membrane 107 is copper, copper oxide 
(CuO) serves as the passive state film 108. Moreover, it is also possible to form in the front face of a metal membrane 
107 either for example, the **** water screen, an oil film, the antioxidizing film, the film that consists of a surfactant, 
the film which consists of a chelating agent and the film which consists of a silane coupling agent as other approaches, 
and to consider as the passive state film 108. Although especially the class of passive state film 108 is not limited, to a 
metal membrane 107, electric resistance is high and uses the thing of the property in which a mechanical strength is 
comparatively low and weak. 

[0055] Next, by the polish approach of this invention, only the passive state film 108 formed in the heights of a metal 
membrane 107 is removed alternatively (process PR 5). Above polish equipment 1 performs alternative removal of the 
passive state film 108. In addition, a slurry with the high polish rate to copper is used for the slurry SL to be used. For 
example, what contains the polish abrasive grain of an alumina, a silica, and a manganese system in the water solution 
which used a hydrogen peroxide, iron nitrate, a potassium iodate, etc. as the base is used. First, carry out chucking of 
the wafer W to the wafer table 42 of polish equipment 1, and drop the abrasive tools 3 and the scrub member 24 which 
are rotated while supplying the electrolytic solution EL and Slurry SL on Wafer W to Z shaft orientations, Wafer W is 
made to contact or approach, Wafer W is moved to X shaft orientations by the predetermined rate pattern, and polish 
processing is performed. Moreover, a direct-current pulse voltage is impressed between abrasive tools 3 and the 
electrode plate 23 by making a minus pole and the electrode plate 23 into a plus pole at abrasive tools 3. In addition, 
Slurry SL may be supplied on Wafer W by giving the function of the electrolytic solution SL to the water solution used as 
the base of Slurry SL. 

[0056] Here, drawing 17 is the conceptual diagram showing the polish process in the scrub member 24 neighborhood in 
the above-mentioned condition, and drawing 18 is the conceptual diagram showing the polish process in the abrasive- 
tools 3 neighborhood. As shown in drawing 17 , in the scrub member 24 neighborhood, Slurry SL and the electrolytic 
solution EL are supplied from slot 23b of the rotating electrode plate 23, and Slurry SL and the electrolytic solution EL 
pass the scrub member 24, and are supplied on Wafer W from the whole surface of the scrub member 24. The elution 
of the copper which constitutes the metal membrane 107 to the inside of the electrolytic solution EL has the passive 
state film 108 formed on the metal membrane 107 in the condition of having been controlled in order not to receive the 
electrolytic action by the electrolytic solution EL. For this reason, the current value in which a current hardly flowed to a 
metal membrane 107, but the above-mentioned ammeter 62 carried out the monitor has been stabilized low. Drawing 
25 is a graph which shows an example of the current value which acted as the monitor with the ammeter 62 in the 
electrolysis compound polish process of this operation gestalt. Near the starting position of the current value shown in 
drawing 25 is in the above-mentioned condition. 

[0057] According to rotation of the scrub member 24, it is contained in a mechanical removal operation or Slurry SL, for 
example, is mechanically removed from the passive state film 108 on the high part of the passive state film 108, i.e., the 
heights of a metal membrane 107, by the mechanical removal operation of the polish abrasive grain PT which consists 
of an aluminum oxide. On the other hand, as shown in dr awin g 18 , in the abrasive-tools 3 neighborhood, the passive 
state film 108 which exists in a metal membrane 108 according to a mechanical removal operation of abrasive tools 3 or 
a mechanical removal operation of the polish abrasive grain PT is removed from a high part. 

[0058] Thus, if the passive state film 108 formed on the heights of a metal membrane 107 is alternatively removed for 
example, as shown in drawing. 1.9 , a metal membrane 107 will be exposed to a front face from the part from which the 
passive state film 108 was removed alternatively. 

[0059] If a metal membrane 107 is exposed to a front face, the exposed part of the metal membrane 107 which is 
heights will be eluted alternatively (process PR 5). As an operation of the electrolytic solution EL at this time is shown in 
drawin g 18 , the copper with which the heights of the metal membrane 107 which is the part from which the passive 
state film 108 was removed constitute a metal membrane 107 is eluted in the electrolytic solution EL as copper ion Cu+ 



by the electrolytic action. By this, it is the minus electron e in a metal membrane 107. - It flows and is this minus 
electron e. - Current i2 which flowed and described above from the front face of a metal membrane 107 to the electrode 
plate 23 through the electrolytic solution EL as shown in drawing 17 It becomes. 

[0060] As mentioned above, since electric resistance is low and current density of copper which constitutes a metal 
membrane 107 increases compared with the passive state film 108, an intensive electrolytic action is received, elution 
starts alternatively, and ingredient removal is accelerated. Moreover, in order to energize through the electrolytic 
solution EL, when the potential difference of the abrasive tools 3 as the metal membrane 107 and cathode as an anode 
plate is fixed, the current value to which the one where an electric resistance value is lower flows between poles 
becomes [ the distance between electrodes ] short greatly. For this reason, if there is a difference (the distance between 
electrodes is [ the part high in the heights of a metal membrane 107 ] shorter, and electric resistance is low) of the 
inter-electrode distance by the irregularity of the metal membrane 107 as cathode to the abrasive tools 3 as cathode, 
efficient flattening to which a rate of dissolution becomes large at high order will advance from the difference in current 
density. At this time, in drawing 25 , as shown in PI, the current value in which the above-mentioned ammeter 62 
carried out the monitor begins to rise. Compared with mechanical flattening, as for the heights of a metal membrane 
107, flattening is far performed in high efficiency by such operation. 

[0061] The front face of the metal membrane 107 which alternative electrolysis compound polish completed according 
to it until flattening of the heights of a metal membrane 107 was carried out nearly completely by the above-mentioned 
operation turns into a compound side of the new field of the copper from which the heights of the passive state film 108 
which remains into the part which was the crevice of a metal membrane 107, and a metal membrane 107 were 
removed, as shown in drawing 20 . 

[0062] Then, as shown in drawing 21 , the electrolysis compound polish which the electrolytic action by the mechanical 
removal and the electrolytic solution EL which are performed on the front face of this metal membrane 107 with the 
polish abrasive grain PT in abrasive tools 3 and Slurry SL compounded advances (process PR 7). As the mechanical 
strength of the passive state film 108 which remains at this time was mentioned above, since it is low compared with a 
copper new field, when electrolysis compound polish of the passive state film 108 is carried out, it is mainly removed by 
the mechanical work, and the copper front face in the bottom of it is exposed, and an electrolytic action increases in 
proportion to that area. When full removal of the passive state film 108 is carried out, the surface area of the copper 
which constitutes a metal membrane 107 serves as max. After rising with removal of the passive state film 108, the 
current value to which the current which could come, simultaneously acted as the monitor with the ammeter 62 went up 
from the location of PI in drawing 25 turns into maximum, when P2 from which copper surface area serves as max 
shows. According to the process so far, flattening of the initial irregularity of the front face of a metal membrane 107 is 
completed. 

[0063] Thus, since electrolysis compound polish of this operation gestalt is the polish electrochemically aided with the 
polish rate, it can be ground by the low processing pressure force compared with the usual chemical machinery polish. 
Even if it compares this as simple mechanical polish, it is very advantageous in respect of reduction of a scratch, the 
level difference relaxation engine performance, dishing, reduction of erosion, etc. Furthermore, since it can grind by the 
low processing pressure force, it is very advantageous when mechanical strength uses for the interlayer insulation film 
102 the low dielectric constant film of an organic system and porosity low dielectric constant insulator layer which are 
easy to be destroyed in the low usual chemical machinery polish. 

[0064] If electrolysis compound polish of the above-mentioned metal membrane 107 advances and the excessive metal 
membrane 107 is removed, as shown in drawin g 22 , the barrier film 105 will be exposed (process P8). At this time, the 
current in which an ammeter 62 acts as a monitor takes maximum from the time of the passive state film 108 on the 
metal membrane 107 shown by P2 of drawing 25 being removed altogether, and it takes the value of abbreviation 
regularity until the barrier film 105 shown by P3 of drawing 25 is exposed. If the barrier film 105 is exposed, when 
ingredients, such as Ta, Ti, TaN, and TiN, are used, the current value which acted as the monitor with the ammeter 62 
from the time of the electric resistance showing by P3 which exposure of the barrier film 105 of dr awing 25 starts since 
it is large compared with copper will begin to fall, for example. In this condition, it is in the condition that the copper 
film for an ununiformity of a metal membrane 107 remains, and polish processing is suspended in this condition. As 
shown in P4 of drawing 25 , a controller 55 judges that the current value fell to the predetermined value, and a halt of 
this polish processing stops polish actuation of polish equipment 1. 

[0065] Subsequently, the barrier film 105 is removed (process PR 9). In the process which removes this barrier film 105, 
to the barrier film 105 formed to the metal membrane 107 which consists of above-mentioned copper from ingredients, 
such as Ta, TaN, Ti, TiN, etc. instead of the slurry SL with a high polish rate, a polish rate is high and uses the slurry SL 
with a low polish rate to a metal membrane 107. That is, the selection ratio of the polish rate of the barrier film 105 and 
a metal membrane 107 uses the biggest possible slurry SL. 

[0066] Furthermore, from a viewpoint which controls generating of dishing by the exaggerated polish, and erosion, 



output voltage of the electrolysis power source 61 is made smaller than the above-mentioned process, and polish 
removal of the barrier film 105 is performed. Moreover, it is desirable to also make the processing pressure force of 
abrasive tools 3 smaller than the above-mentioned process. Moreover, since an interlayer insulation film 102 is exposed 
to a front face and the value of electrolytic current will become small if making small output voltage of the electrolysis 
power source 61 and the barrier film 105 are removed, it replaces with the monitor of the electrolytic current by the 
above-mentioned ammeter 62, and acts as the monitor of the electric resistance between the scrub member 24 and 
abrasive tools 3 with the above-mentioned ohm-meter 63. 

[0067] Removal of the barrier film 105 exposes an interlayer insulation film 102 on a front face, as shown in drawing ^! 
(process P10). Since there are no metal membrane 107 and barrier film 105 for energizing on a front face as an anode 
plate in this exposed part as shown in drawing 23 when an interlayer insulation film 102 is exposed, energization by the 
scrub member 24 is intercepted and the electrolytic action in the exposed part of an interlayer insulation film 102 stops. 
At this time, the electric resistance value which acted as the monitor with the ohm-meter 63 begins to increase. 
[0068] Here, like the case of the above-mentioned level difference relaxation of the heights of a metal membrane 107, 
instead of the passive state film 108, concentration of the current density to the residual part of a metal membrane 107 
starts the barrier film 105 as a part with high electric resistance, and elution removal of the residual part of a metal 
membrane 107 is alternatively carried out between the parts and the exposed parts of the barrier film 105 into which a 
metal membrane 107 remains. Into the part which the electrolytic action stopped, only the mechanical ingredient 
removal operation by abrasive tools 3 and Slurry SL works actively. 

[0069] By the way, in the usual chemical machinery polish, the polish rate selection ratio to the barrier film 105 and the 
interlayer insulation film 102 of a metal membrane 107 tends to be enlarged as much as possible, and it is going to 
secure the dimensional accuracy of the top face of an interlayer insulation film 102 by using the rate difference as a 
margin. For this reason, dishing of a metal membrane 107 has composition which is not avoided. Moreover, if a 
selection ratio is set up low, dishing can be lessened to some extent, but in order to be dependent on the homogeneity 
of the amount distribution of removal within a wafer side, dimensional accuracy is generated also when removal of the 
barrier film 105 and a metal membrane 107 is not enough. For this reason, in order for the barrier film 105 and a metal 
membrane 107 to prevent the undershirt polish which is in the condition which remained on the top face of an interlayer 
insulation film 102, the exaggerated polish for the ununiformity within a field of the amount of removal is needed, and 
aggravation of the erosion by this exaggerated polish is not avoided in essence. On the other hand, with this operation 
gestalt, if the homogeneity within a field of Wafer W is secured to some extent, high efficiency removal will be carried 
out because an electrolytic action works into the residual part of the barrier film 105 which remains on an interlayer 
insulation film 102, or a metal membrane 107, and elution will stop from the exposed part of an interlayer insulation film 
102. For this reason, the dimensional accuracy of an interlayer insulation film 102 is secured automatically, and 
generating of dishing and erosion is controlled. 

[0070] While the barrier film 105 formed from ingredients, such as Ta, TaN, Ti, and TiN, as mentioned above is 
completely removable, generating of dishing by the exaggerated polish and erosion can be controlled. Moreover, 
although a current value is low and a removal rate becomes slow by setting up mechanical load lightly absolutely in the 
removal process of the barrier film 105 mentioned above If there are few metal membranes 107 which the thickness 
which remains becomes from the copper film of residue of an uneven part Even if the amount of removal of the barrier 
film 105 of the barrier film 105 itself is small since it is thin compared with a metal membrane 107, and there are 
variation and an ununiformity in this process, the absolute value of dishing and erosion is made few to extent which can 
be disregarded, and can also shorten the processing time. Furthermore, since the polish approach concerning this 
operation gestalt is compound processing to which the electrochemical operation was added in addition to mechanical 
polish, also mechanically, as for the front face which carried out flattening, a damage can acquire a smooth field few. 
[0071] Subsequently, when maximum, i.e., wiring formation, is completed by the electric resistance value based on the 
electric resistance value which acted as the monitor with the ohm-meter 63, the process which removes the barrier film 
105 is ended (process PR 11). A controller 55 judges the value of an electric resistance value, and stops processing 
actuation of polish equipment 1. In addition, by not contacting abrasive tools 3 on the front face of Wafer W, for 
example, passing about 100 micrometers of tops in the condition [ having added the electrolytic action ], before ending 
polish processing, mechanical polish cannot be performed but the front face of the damage free-lancer only by the 
electrolytic action can be formed. Thereby, as shown in drawin g 23 , finally into an interlayer insulation film 102, wiring 
109 and contact 110 are formed. 

[0072] Subsequently, Flushing is performed to the semiconductor device with which wiring 109 and contact 110 were 
formed (process PR 12). Supplying a washing drug solution and an antioxidant to the front face of Wafer W 
immediately, after wiring 109 and contact 110 are formed, as it does not energize to Wafer W but is shown in drawing 
24 , this Flushing process impresses the pulse voltage of plus to abrasive tools 3, performs pure-water washing and drug 
solution washing, and removes Slurry SL and particle which exist in the front face of Wafer W. Since it is contained in 



Slurry SL, for example, the polish abrasive grain PT which consists of an alumina is just electrified with this operation 
gestalt in order to improve dispersibility also before performing Flushing, Also when it remains without wearing out after 
colliding with metal membrane 107 front face which consists of copper mechanically and contributing to removal 
processing, as it is not buried in the front face of the copper which constitutes the metal membrane 107 as an anode 
plate and was shown in drawing 23 , the reattachment is carried out to the front face of the abrasive tools 3 as cathode, 
and it contributes to the next processing. Furthermore, since the just charged particle can also be drawn near to the 
front face of the abrasive tools 3 as cathode, it is not buried on the surface of copper. The particle which remained on 
the front face of Wafer W and has been charged in negative on the other hand is also removable from the front face of 
Wafer W with above-mentioned Flushing. Moreover, when the slurry SL to which the polish abrasive grain PT was 
charged in negative is used, it can remove similarly. Although it is necessary to remove a metal ion and PAIKURU, 
without being easy to oxidize and deteriorating a copper front face when a wiring formation ingredient is copper, with 
this operation gestalt, the polish abrasive grain PT is just electrified beforehand, and this problem is solved by Flushing. 
In addition, as a polish abrasive grain, although the aluminum oxide (alumina) was mentioned as an example, it is also 
the same as when cerium oxide, a silica, a germanium dioxide, etc. are used. 

[0073] As mentioned above, according to the manufacture approach of the semiconductor device concerning this 
operation gestalt, the passive state film 108 is formed in the metal membrane 107 which embeds slot wiring for wiring 
and the contact hole which were formed in the insulator layer 102. The passive state film 108 formed in the heights of a 
metal membrane 107 is removed alternatively. Compared with the usual CMP, flattening of the initial irregularity can be 
far carried out to high efficiency by electrolytic polishing removing alternatively the metal membrane 107 exposed to the 
front face by using the remaining passive state film 108 as a mask, and removing intensively by concentration to current 
density. Moreover, since the metal membrane 107 to which flattening of the initial irregularity was carried out is 
removed by the electrolysis compound polish which electrolytic polishing and chemical machinery polish compounded, it 
can remove the excessive metal membrane 107 in high efficiency far compared with the usual CMP. For this reason, 
even if it sets up the processing pressure force of abrasive tools 3 low, while sufficient polish rate is obtained and being 
able to mitigate the damage to a metal membrane 107, generating of dishing or erosion can be controlled. 
[0074] Moreover, when according to the manufacture approach of the semiconductor device concerning this operation 
gestalt the excessive metal membrane 107 is removed and the barrier film 105 is exposed In order to stop polish, to 
change Slurry SL into what has a high polish rate to the barrier film 105, to change polish conditions, such as output 
voltage of the electrolysis power source 61, and to remove the excessive barrier film 105, The excessive barrier film 105 
is certainly removable, and also when an exaggerated polish is required, the yield of dishing or erosion can be stopped 
small. 

[0075] Moreover, in order to grind a metal membrane in high efficiency by electrolysis compound polish according to the 
manufacture approach of the semiconductor device concerning this operation gestalt, Since the processing pressure 
force of abrasive tools 3 can be made into the low voltage force, for example In order to reduce a dielectric constant 
from viewpoints, such as low-power-izing and improvement in the speed, also when a mechanical strength uses the 
comparatively low organic system low dielectric constant film and a porosity low dielectric constant insulator layer as an 
interlayer insulation film 102, the damage to these insulator layers can be reduced. 

[0076] The absolute value of the amount of polish processings of a metal membrane is controllable by the time amount 
which passes the amount of addition of electrolytic current, and the wafer W of abrasive tools 3 with the operation 
gestalt mentioned above. With the operation gestalt mentioned above, although the case of the wiring formation 
process by copper was explained, this invention can be applied to various metal wiring formation processes, such as a 
tungsten, aluminum, and silver, without being limited to this. 

[0077] Moreover, although the operation gestalt mentioned above explained the case of the electrolysis compound 
polish which compounded the chemical machinery polish which used Slurry SL, and electrolytic polishing using the 
electrolytic solution EL, this invention is not limited to this. That is, this invention can also perform electrolysis compound 
polish by electrolytic polishing of the electrolytic solution EL, and mechanical polishing by polished surface 3a of abrasive 
tools 3, without using Slurry SL. 

[0078] Moreover, although the polish process until it acts as the monitor of the current value which flows between 
abrasive tools 3 and the electrode plates 23 and the barrier film 105 is exposed based on this value was managed with 
the operation gestalt mentioned above, it is also possible to manage all polish processes with the current value which 
acted as the monitor. Although similarly it acted as the monitor of the electric resistance value between abrasive tools 3 
and the electrode plate 23 and being considered as the configuration which manages only the removal process of the 
barrier film 105 with the operation gestalt mentioned above based on this value, it is also possible to manage all polish 
processes with the electric resistance value which acted as the monitor. 

[0079] Modification 1 drawin g 26 is the schematic diagram showing the example of a complete-change form of the 
polish equipment concerning this invention. With the polish equipment 1 concerning the operation gestalt mentioned 



above, conductive abrasive tools and the energization plate 23 equipped with the scrub member 24 performed 
energization to a wafer W front face. As shown in drawing 26 , the wheel-like abrasive tools 401 are good also as a 
configuration which also gives conductivity to the wafer table 402 which carries out chucking of the wafer W and is 
made to rotate it while they give conductivity as well as the case of polish equipment 1. Electric supply to abrasive tools 
401 is performed with the same configuration as the operation gestalt mentioned above. In this case, the energization 
to the wafer table 402 can form a rotary joint 403 in the lower part of the wafer table 402, and electrolytic current can 
be supplied by considering energization to the wafer table 402 which rotates by the rotary joint 403 as the always 
maintained configuration. 

[0080] Modification 2 drawing 27 is the schematic diagram showing other modifications of the polish equipment 
concerning this invention. Chucking of the wafer W is carried out and the wafer table 502 to rotate is held by the 
retainer ring 504 which formed Wafer W in the perimeter of Wafer W. While giving conductivity, conductivity is also 
given to a retainer ring 504 and electric power is supplied to abrasive tools 501 with the same configuration as the 
operation gestalt mentioned above at abrasive tools 501. Moreover, a retainer ring 504 is covered and energized to the 
part for the above-mentioned barrier layer formed in Wafer W. Furthermore, electric power is supplied to a retainer ring 
504 through the rotary joint 503 prepared in the lower part of the wafer table 502. In addition, even if abrasive tools 
501 contact Wafer W, interference with abrasive tools 501 and a retainer ring 504 can be prevented by enlarging the 
amount of inclinations of abrasive tools 3 so that the clearance more than the thickness of a retainer ring 504 can be 
maintained in the part of an edge. 

[0081] Modification 3 drawing 28 is the outline block diagram showing other operation gestalten of the polish equipment 
concerning this invention. The polish equipment shown in drawing 28 is polish equipment which adds the electrolytic- 
polishing function of this invention to the CMP equipment of a conventional type, is contacted, rotating the whole 
surface of the wafer W in which chucking was carried out to the polished surface of abrasive tools where the scouring 
pad (abrasive cloth) 202 was stuck on the surface plate 201 by the wafer chuck 207, and carries out flattening of the 
front face of Wafer W. The anode plate electrode 204 and the cathode electrode 203 are arranged by turns at the radial 
at the scouring pad 202. Moreover, it insulates electrically with the insulator 206 and the anode plate electrode 204 and 
the cathode electrode 203 energize the anode plate electrode 204 and the cathode electrode 203 from a surface plate 
201 side. The scouring pad 202 is constituted by these anode plate electrode 204, the cathode electrode 203, and the 
insulator 206. Moreover, the wafer chuck 207 is formed from the insulating material. Furthermore, the feed zone 208 
which supplies the electrolytic solution EL and Slurry SL is formed in the front face of a scouring pad 202 at this polish 
equipment, and the electrolysis compound polish which compounded electrolytic polishing and chemical machinery 
polish is attained. 

[0082] Here, drawin g 29 is drawing for explaining the electrolysis compound polish actuation by the polish equipment of 
the above-mentioned configuration. In addition, the copper film 210 shall be formed in a wafer W front face. During 
electrolysis compound polish, as shown in drawing 29 , after the electrolytic solution EL and Slurry SL have intervened 
between the copper film 210 formed in the wafer W front face, and the polished surface of a scouring pad 202, direct 
current voltage is impressed between the anode plate electrode 204 and the cathode electrode 203, Current i is 
transmitted to the inside of a copper film 210 through the electrolytic solution EL from the anode plate electrode 204, 
and it flows to the cathode electrode 203 through the electrolytic solution EL again. Near [ in the circle G shown in 
drawin g 29 at this time ], while a copper film 210 is eluted by the electrolytic action, a copper film 210 is further 
removed by the mechanical removal operation by the scouring pad 202 and Slurry SL. 

[0083] By considering as such a configuration, the same effectiveness as the polish equipment 1 concerning the 
operation gestalt mentioned above is done so. In addition, arrangement of the anode plate electrode prepared in a 
scouring pad and a cathode electrode is good also as a scouring pad 221 with which two or more linear anode plate 
electrodes 222 were arranged at equal intervals in all directions, the cathode electrode 223 has been arranged to each 
rectangle field surrounded with the anode plate electrode 222, and the anode plate electrode 222 and the cathode 
electrode 223 were electrically insulated with the insulator 224, as it is not necessarily limited to the configuration of 
dramog.28 , for example, is shown in drawing 30 . Furthermore, it is good also as a scouring pad 241 with which the 
annular anode plate electrode 242 with which radii differ, respectively has been arranged on this alignment, the cathode 
electrode 243 has been arranged to the ring domain formed between each anode plate electrode 242, respectively, and 
the anode plate electrode 242 and the cathode electrode 243 were electrically insulated with the insulator 244, for 
example as shown in d raw ing 31 . 
[0084] 

[Effect of the Invention] According to this invention, since a metal membrane is ground according to a compound 
operation with mechanical polishing and electrolytic polishing, compared with the case of flattening of the metal 
membrane by mechanical polishing, alternative removal and flattening of the heights of a metal membrane become 
possible very much at high efficiency. Moreover, according to this invention, since abrasive tools are energized as 



cathode, the polish abrasive grain in the particle just charged beforehand or an abrasive material can draw near to 
abrasive tools, and can prevent remaining to a wafer front face, and improvement in the yield can be aimed at. 
Moreover, according to this invention, since it becomes high efficiency removable [ a metal membrane ], it can control 
that polish rate sufficient also by the comparatively low polishing pressure force is obtained, and a scratch, dishing, 
erosion, etc. occur in the ground metal membrane. Furthermore, in order to obtain sufficient polish rate, to accumulate 
also by the comparatively low polishing pressure force and to reduce a dielectric constant from viewpoints, such as low- 
power-izing of a semiconductor device, and improvement in the speed, also when a mechanical strength uses the 
comparatively low organic system low dielectric constant film and a porosity low dielectric constant insulator layer as an 
interlayer insulation film according to this invention, it can apply easily. Moreover, according to this invention, since it is 
efficiently removed because an electrolytic action works, and elution stops from the exposed part of an insulator layer, 
the part of the barrier film which remains on an interlayer insulation film, or a metal can secure the stopping accuracy of 
polish automatically, and can control dishing and erosion. Moreover, according to this invention, a polish process can be 
managed by carrying out monitoring of the electrolytic current, and it becomes possible to grasp the advance condition 
of a polish process correctly. Moreover, according to this invention, by carrying out monitoring of the electric resistance 
value between abrasive tools and an electrode member, a current cannot flow easily, or even when grinding to 
coincidence the film and metal membrane to which a current does not flow, a polish process can be managed correctly. 
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CLAIMS 



[Claim(s)] 

[Claim 1] So that the process which forms the slot for wiring for forming wiring in the insulator layer formed on the 
substrate, and said slot for wiring may be embedded The process which forms the passive state film which 
demonstrates the operation which bars the electrolysis reaction of the metal membrane concerned in the front face of 
the process which makes a metal membrane deposit on said insulator layer, and the metal membrane deposited on said 
insulator layer, The process which mechanical polishing removes [ process ] alternatively the immobilization film on the 
heights which exist in the front face of said metal membrane produced by the embedding of said slot for wiring among 
the passive state film formed in said metal membrane, and exposes the heights of the metal concerned on a front face, 
The manufacture approach of a semiconductor device of having the process which carries out flattening of the 
irregularity of the front face of said metal membrane which removed the heights of said exposed metal membrane by 
electrolytic polishing, and was produced by the embedding of said slot for wiring. 

[Claim 2] the electrolysis compound polish which compounded electrolytic polishing and mechanical polishing for the 
excessive metal membrane to which said front face exists on said insulator layer of the metal membrane by which 
flattening was carried out the manufacture approach of a semiconductor device according to claim 1 of having further 
the process which removes and forms said wiring. 

[Claim 3] Said electrolysis compound polish is the manufacture approach of a semiconductor device according to claim 2 
of compounding electrolytic polishing and chemical machinery polish. 

[Claim 4] The barrier film which consists of a conductive ingredient for preventing the diffusion to said insulator layer of 
said metal membrane so that said insulator layer top and said Mizouchi may be covered after forming said slot for wiring 
is formed. The process removed until said barrier film exposes to a front face the excessive metal membrane which 
exists on said insulator layer by said electrolysis compound polish, after carrying out flattening of the heights of said 
exposed metal membrane, The manufacture approach of a semiconductor device according to claim 2 of having the 
process removed by said electrolysis compound polish until said insulator layer exposes to a front face the excessive 
barrier film which exists on said insulator layer. 

[Claim 5] Make the electrolytic solution intervene between the polished surface of the abrasive tools which have 
conductivity, and said passive state film, make said metal membrane and the barrier film into an anode plate, and said 
abrasive tools are used as cathode. Impress an electrical potential difference between said metal membrane and the 
barrier film, and said abrasive tools, and said abrasive tools are moved to it relatively [ front face / of said passive state 
film ]. The manufacture approach of the semiconductor device according to claim 4 to which elution of the heights of 
said metal membrane which removed alternatively the passive state film formed in the heights of said metal membrane, 
and was exposed from said passive state film removed alternatively is carried out by the electrolytic action of said 
electrolytic solution. 

[Claim 6] The manufacture approach of a semiconductor device according to claim 5 of making the electrode member to 
which the electrical potential difference was impressed between said abrasive tools contacting or approaching said metal 
membrane and the barrier film, energizing on said metal membrane and said barrier film, carrying out monitoring of the 
current which flows from said electrode member to said abrasive tools via said said metal membrane and said barrier 
film, and managing advance of polish of said metal membrane and the barrier film based on the magnitude of the 
current value concerned. 

[Claim 7] The manufacture approach of a semiconductor device according to claim 5 of making the electrode member to 
which the electrical potential difference was impressed between said abrasive tools contacting or approaching said metal 
membrane and the barrier film, energizing on said metal membrane and said barrier film, carrying out monitoring of the 
magnitude of the electric resistance generated between said electrode members and said abrasive tools, and managing 
advance of polish of said metal membrane and the barrier film based on the electric resistance value concerned. 
[Claim 8] The manufacture approach of a semiconductor device according to claim 5 of making the chemical-polishing 



agent containing a polish abrasive grain intervening between the polished surface of said abrasive tools, and said 
passive state film, and removing said passive state film alternatively. 

[Claim 9] The manufacture approach of a semiconductor device according to claim 5 of removing said excessive metal 
membrane and barrier film using a different chemical-polishing agent with a respectively high polish rate to each 
ingredient which constitutes said metal membrane and said barrier film, respectively. 

[Claim 10] The manufacture approach of the semiconductor device according to claim 5 made lower than the electrical 
potential difference which impresses the electrical potential difference impressed between said barrier film and said 
abrasive tools at the process which removes said excessive barrier film between said metal membranes and said 
abrasive tools in the process which removes said excessive metal membrane. 

[Claim 11] The process which the process which forms said slot for wiring has the process which forms the contact hole 
for connecting the impurity diffused layer or wiring formed in the lower layer of said insulator layer, and wiring formed 
on the insulator layer concerned with formation of said slot for wiring, and embeds a metal in said slot for wiring is the 
manufacture approach of the semiconductor device according to claim 2 which embeds a metal with said slot for wiring 
in said contact hole. 

[Claim 12] The manufacture approach of the semiconductor device according to claim 11 which uses copper for the 
formation ingredient of said wiring, and embeds copper in said slot for wiring and contact hole using an electroplating 
method. 

[Claim 13] The manufacture approach of a semiconductor device according to claim 4 of using either Ta, Ti, TaN and 
TiN for the formation ingredient of said barrier film. 

[Claim 14] Said passive state film is the manufacture approach of the semiconductor device according to claim 1 which 
consists of an oxide film which oxidized the front face of said metal membrane. 

[Claim 15] The manufacture approach of the semiconductor device according to claim 14 which supplies an oxidizer to 
the front face of said metal membrane, and forms said oxide film. 

[Claim 16] Said passive state film is the manufacture approach of the semiconductor device according to claim 1 which 
forms the film which consists of an ingredient which demonstrates the operation which bars the electrolysis reaction of 
the metal which constitutes said metal membrane on the front face of said metal membrane. 

[Claim 17] Said passive state film is the manufacture approach of the semiconductor device according to claim 16 which 
forms in the front face of said metal membrane either the **** water screen, an oil film, the antioxidizing film, the film 
that consists of a surfactant, the film which consists of a chelating agent and the film which consists of a silane coupling 
agent. 

[Claim 18] Said passive state film is the manufacture approach of a semiconductor device according to claim 1 with high 
and electric resistance and a mechanical strength lower than said metal membrane. 

[Claim 19] The abrasive tools which have a polished surface and have conductivity, and an abrasive-tools rotation 
maintenance means to rotate and hold said abrasive tools centering on a predetermined revolving shaft, The rotation 
maintenance means which holds a ground object and is rotated centering on a predetermined revolving shaft, The 
migration positioning means which carries out migration positioning of said abrasive tools in the target position of the 
direction which counters said ground object, A relative-displacement means to make the polished surface-ed of said 
ground object, and the polished surface of said abrasive tools displaced relatively along a predetermined flat surface, 
Polish equipment which has an electrolytic-solution supply means to supply the electrolytic solution on the polished 
surface-ed of said ground object, and an electrolytic current supply means to supply the electrolytic current which 
makes an anode plate the polished surface-ed of said ground object, and flows from said polished surface-ed to said 
abrasive tools through said electrolytic solution by using said abrasive tools as cathode. 

[Claim 20] Polish equipment according to claim 19 which has further an abrasive material supply means to supply the 
chemical-polishing agent containing a polish abrasive grain to the polished surface-ed of said ground object. 
[Claim 21] Said electrolytic current supply means is polish equipment [ equipped with the DC power supply which 
impress predetermined potential between an energization means for it to be arranged possible / contact to the polished 
surface-ed of said ground object /, or possible / approach /, and to energize to the polished surface-ed concerned by 
making the polished surface-ed of said ground object into an anode plate, and said energization means and said 
abrasive tools ] according to claim 1. 

[Claim 22] Said DC power supply are polish equipment according to claim 21 which outputs the electrical potential 
difference of the shape of a pulse of a predetermined period. 

[Claim 23] It is polish equipment [ equipped with the conductive electrode plate which said abrasive tools consist of a 
conductive wheel-like member, and the annular end side of the member concerned constitutes the polished surface, and 
said energization means is isolated with the abrasive tools concerned inside said abrasive tools, is formed in it, is held by 
said rotation maintenance means, and rotates with said abrasive tools ] according to claim 21. 
[Claim 24] Said electrode plate is polish equipment [ equipped with the scrub member which has the field which carries 



out the scrub of the polished surface-ed concerned to the side which counters the polished surface-ed of said ground 
object ] according to claim 23. 

[Claim 25] Said scrub member is polish equipment according to claim 24 which supplies the electrolytic solution and/or 
the chemical-polishing agent which are formed from the ingredient which can absorb the chemical-polishing agent 
containing said electrolytic solution and a polish abrasive grain, and can be passed, and are supplied from said electrode 
plate side to the polished surface-ed of a ground object. 

[Claim 26] Said abrasive tools are polish equipment according to claim 21 energized through the energization brush 
which is held by the conductive member connected with said rotation maintenance means, and contacts said conductive 
member to rotate. 

[Claim 27] the electrolyzed metal with which said electrode member was formed in the polished surface-ed of said 

ground object - receiving - ** ~ the polish equipment according to claim 23 which consists of a metal. 

[Claim 28] Polish equipment according to claim 19 further equipped with a current detection means to detect the value 

of the electrolytic current which flows from the polished surface-ed of said ground object to said abrasive tools. 

[Claim 29] Polish equipment [ equipped with a resistance detection means to detect the electric resistance between said 

electrode member in which it went via the polished surface-ed of said ground object, and said abrasive tools ] according 

to claim 23. 

[Claim 30] Polish equipment according to claim 29 which has further the control means which controls the location of 
the opposite direction of said abrasive tools and said ground object based on the detecting signal of said current 
detection means so that the value of said electrolytic current becomes fixed. 

[Claim 31] It has the abrasive tools which have the polished surface which contacts while rotating all over the polished 
surface-ed of a ground object. It is polish equipment which is contacted making said polished surface rotate said ground 
object, and carries out flattening polish. Have an electrolytic-solution supply means to supply the electrolytic solution on 
said polished surface, and said polished surface is equipped with the anode plate electrode and cathode electrode of 
said ground object which can be energized to a polished surface-ed. Polish equipment which carries out flattening polish 
of the polished surface-ed of said ground object by electrolysis compound polish which compounded electrolytic 
polishing by said electrolytic solution, and mechanical polishing by said polished surface. 

[Claim 32] Polish equipment according to claim 31 which carries out flattening polish of the polished surface-ed of said 
ground object by electrolysis compound polish which has further an abrasive material supply means to supply the 
chemical-polishing agent containing a polish abrasive grain to said polished surface, and compounded the chemical 
machinery polish by electrolytic polishing by said electrolytic solution, said polished surface, and said abrasive material. 
[Claim 33] Make the electrolytic solution intervene, force the polished surface of conductive abrasive tools, and the front 
face of the ground object with which the metal membrane was formed in the front face or the inner layer at least, use 
said abrasive tools as cathode, and the front face of said ground object is made into an anode plate. The electrolytic 
current which flows from the front face of said ground object through said electrolytic solution to said abrasive tools is 
supplied. The polish approach which carries out flattening of the metal membrane formed in said ground object of the 
electrolysis compound polish which was made displaced relatively along a predetermined flat surface, rotating both said 
abrasive tools and said ground object, and compounded said electrolytic-solution **** electrolytic polishing and 
mechanical polishing by said polished surface. 

[Claim 34] The polish approach according to claim 33 which carries out flattening of the metal membrane formed in said 
ground object of the electrolysis compound polish which the chemical-polishing agent which contains a polish abrasive 
grain with said electrolytic solution was made to intervene between said polished surface and the front face of said 
ground object, and compounded the chemical machinery polish by electrolytic polishing by said electrolytic solution, said 
polished surface, and said abrasive material. 

[Claim 35] The polish approach according to claim 33 of the laminating of two or more film which becomes said ground 
object from a different ingredient being carried out, carrying out monitoring of the electrolytic current which flows from 
the front face of said ground object to said abrasive tools through said electrolytic solution which changes with the 
differences in the electrical characteristics of the ingredient of each of said film, and managing advance of polish based 
on the magnitude of the electrolytic current concerned. 

[Claim 36] The polish approach according to claim 33 which impresses the electrical potential difference of the shape of 
a pulse of a predetermined period between said abrasive tools and the front face of said ground object, and supplies 
said electrolytic current to it. 

[Claim 37] The polish approach according to claim 33 which is made to approach or contact the front face of said 
ground object with which the electrode member was supplied to said electrolytic solution, and is energized to the front 
face of said ground object. 

[Claim 38] The polish approach according to claim 37 energized to the metal membrane formed in said ground object 
while rotating said electrode member with said abrasive tools and you made it displaced relatively to said ground object. 



[Claim 39] The polish approach according to claim 37 of managing advance of polish of said ground object based on the 
magnitude of the electric resistance between said electrode member in which it went via the front face of said ground 
object, and said abrasive tools. 

[Claim 40] The polish approach according to claim 34 of just electrifying the polish abrasive grain contained in said 
abrasive material. 

[Claim 41] The process which forms the passive state film which demonstrates the operation which bars the electrolysis 
reaction of the metal membrane concerned in the front face of the metal membrane formed in the ground object, The 
process which the electrolytic solution is made to intervene between the polished surface of conductive abrasive tools, 
and said metal membrane, and forces a polished surface and a metal membrane concerned, and impresses a 
predetermined electrical potential difference in between with said abrasive tools and said metal membrane, The polished 
surface of said abrasive tools and the metal membrane of said ground object are made displaced relatively along a 
predetermined flat surface. The process which removes alternatively the passive state film on the heights projected to 
the polished surface of said abrasive tools among said metal membranes by mechanical polishing of said abrasive tools, 
The polish approach of having the process which removes the heights of the metal membrane which said passive state 
film was removed and was exposed to the front face according to the electrolytic-polishing operation by said electrolytic 
solution, and carries out flattening of said metal membrane. 

[Claim 42] The polish approach according to claim 41 that make the chemical-polishing agent which contains a polish 
abrasive grain with said electrolytic solution intervene between said polished surfaces and said metal membranes, and 
the chemical machinery polish by said polished surface and said polish abrasive grain removes said passive state film 
alternatively. 

[Claim 43] Said passive state film is the polish approach according to claim 41 which consists of an oxide film which 
oxidized the front face of said metal membrane. 

[Claim 44] Said passive state film is the polish approach according to claim 41 which forms the film which consists of an 
ingredient which demonstrates the operation which bars the electrolysis reaction of the metal which constitutes said 
metal membrane on the front face of said metal membrane. 

[Claim 45] Said passive state film is the polish approach according to claim 41 that electric resistance is high and a 
mechanical strength is lower than said metal membrane. 

[Claim 46] The polish approach according to claim 41 which an electrode member is made to approach or contact the 
front face of said metal membrane, and is energized to said metal membrane. 

[Claim 47] The polish approach according to claim 46 of managing advance of polish based on the magnitude of the 
electric resistance between said electrode members and said abrasive tools. 

[Claim 48] The polish approach according to claim 42 of just electrifying the polish abrasive grain contained in said 
abrasive material. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1] It is drawing showing the configuration of 1 operation gestalt of the polish equipment of this invention. 
[ Drawin g 2] It is the enlarged drawing showing the detail of the head section of the polish equipment of drawing .! . 
[ Drawing 3] (a) is the bottom view showing an example of the structure of the electrode plate 23, and (b) is the 
sectional view showing the physical relationship of the electrode plate 23, and the energization shaft 20, the scrub 
member 24 and an insulating member 4. 

[Drawing 4] It is drawing showing the relation between abrasive tools and a wafer. 

[ Drawing 5] It is drawing showing signs that the wafer was moved to X shaft orientations to abrasive tools. 

[ Drawing 6] It is the schematic diagram showing the condition of carrying out polish processing of the wafer in the head 

processing section. 

[ Drawing 7] It is drawing showing the relation between abrasive tools and an electrode plate. 
[Drawing 8] It is drawing for explaining the electrolytic-polishing function of the polish equipment of this invention. 
[Drawing 9] It is process drawing showing the manufacture process concerning 1 operation gestalt of the manufacture 
approach of the semiconductor device of this invention. 

[ Drawin g 10] It is the sectional view showing the manufacture process of the manufacture approach of the 
semiconductor device of this invention. 

[ Drawing 11] It is the sectional view showing the manufacture process following drawin g 10 . 

[ Drawing 12] It is the sectional view showing the manufacture process following drawin g 11 . 

[Drawing 13 ] It is the sectional view showing the manufacture process following drawing 12 . 

[D rawing 14 ] It is the sectional view showing the manufacture process following drawing 13 . 

[Drawing J5] It is the enlarged drawing of the cross-section structure of the semiconductor device shown in drawing 

14 . 

[ Drawing 16] It is the sectional view showing the manufacture process following drawing 14 . 

[ Drawing 17] It is the conceptual diagram showing the polish process in the scrub member 24 neighborhood. 

[ Drawing 18] It is the conceptual diagram showing the polish process in the abrasive-tools 3 neighborhood. 

[Drawing 19] It is the sectional view showing the manufacture process following drawing J6 . 

[ Drawin g 20 ] It is the sectional view showing the condition that the heights of a metal membrane were removed 

alternatively and flattening was carried out. 

[Drawing 21] It is the sectional view showing the manufacture process following drawin g 19 . 

[Drawing 22] It is the sectional view showing the manufacture process following drawin g 21 . 

[ Drawing 23] It is the sectional view showing the manufacture process following drawin g 22 . 

[„Drawing_24] It is the sectional view showing the condition of having carried out Flushing to the semiconductor device 

which polish processing ended. 

[ Drawin g 25 ] It is the graph which shows an example of the current value which acted as the monitor in the electrolysis 
compound polish process. 

[ Drawin g 26 ] It is drawing showing the modification of the polish equipment of this invention. 

[ Drawin g 27 ] It is drawing showing the modification of further others of the polish equipment of this invention. 

[ Drawin g 28 ] It is the outline block diagram showing other operation gestalten of the polish equipment concerning this 

invention. 

[ Drawin g 29] It is drawing for explaining the electrolysis compound polish actuation by the polish equipment shown in 
d£awing_28 . 

[ Drawin g 30] It is drawing showing other examples of the electrode configuration of a scouring pad. 

[ Drawin g 31 ] It is drawing showing the example of further others of the electrode configuration of a scouring pad. 

[ Drawin g 32] It is the sectional view showing the wiring formation process by the dual DAMASHIN method. 



[Drawing 33 ] It is the sectional view showing the wiring formation process following drawing 32 . 

[ Drawing 34] It is the sectional view showing the wiring formation process following drawing 33 . 

[Drawing 35] It is the sectional view showing the wiring formation process following drawing 34 . 

[ Draw ing 36] It is the sectional view showing the wiring formation process following drawing 35 . 

[Drawing 37] It is the sectional view showing the wiring formation process following drawing 36 . 

[Drawing 38] It is a sectional view for explaining dishing generated in polish processing in the metal membrane by the 

CMP method. 

[ Drawing 39] It is a sectional view for explaining the erosion generated in polish processing in the metal membrane by 
the CMP method. 

[Drawing 40] It is a sectional view for explaining the recess generated in polish processing in the metal membrane by 
the CMP method. 

[Drawing 41] In polish processing, it generates in the metal membrane by the CMP method. 
[Description of Notations] 

1 [ - Controllers 55 and 71 / - A slurry feeder, 81 / -- Electrolytic-solution feeder. ] - Polish equipment, 11 - The 
processing head section, 61 An electrolysis power source, 55 
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[RH] £BE«W»it*W*4*H&f*ia©E8**« 

* 9 i/> y, la-ya >©*£*«»raiB&. wi§# 

Sftffi*#E»-rs^tt«SH*JK«aEf 418 (PR 4) 
<k. iBttffl«©a«>ii*«:J:o-cai;A:*IWI©*ffitc 
m£^4fiSlU:©^iiilI£t$«flFBK: J: TjMRWfcifc 

so. ^«n©ia»**iitcmustt4ie <pr5) 

i. JlfflO)t*)llil©iMIJ*W»WBCcj:ori»*l/. 

E«fflfli©a»ji*cc «t o c /c^nM©^ffi©Kiei 

£¥*Stt?4Ig (PR 6) i. «iljW§<fc3 *ifc£ 
lllll©l6l»BLh«:#a-r6^M«*«<CTfSi*«PB 

JW4IS (PR 7) %W*4. 
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1 77r>^ |- HKI« 



sufBiE^ffl^S&jMfJ:^ gtteJBMLktc&JRll 
i. 

mowaz^mit? z>iMt*tti> ^mwmm.omm 
m 

6tcw-rs»3R« i tctEtK©¥*#£g<z> 20 

[M#JB3] WEWSa^iMHi. JtJSWB£<t*«« 

afb t % $ s 2 k iBts©*^<*$ig©^ 

±te £tfii«IBif F*3£5S tc f)fe#JSM©fufe$6#K 
^©ffittfclW <• fc»©2IWtttm*»6 ttft^ y +««r 
JiXU WB«ttlO*:^)«*©iMIJ*WkOA:»K. 

bcc «t -> -cttfie^* y +iw*ffiK»tB-r a * -m*-r 4 30 

Xgi. 

So 

[M#JB5 3 «fltt£W-f SiFBXIIoWBffiilJfB* 
tt.^i ©RUKHfitSSr/i-iE;? -a-, Hirie^BiKtecfco*^* 

KfciO'^ y +Ri|iT8BWJgl*i©nBK:SE%HfllP 

U 40 

[ii*ii6 ] HiiiBPBiftiora-cmE^EnJrasnfcs 
ffiHw*aE^iwi*j J:^< 'J teams. $ 



#gg 2 0 0 1 -77 1 1 7 
2 

8iOTlliBSFSXJ*«:iifcha««E**.=.* y^U 

«©wj»©jiht *wi-r sin** 5 ccib*s©*^^b 

©»«#£. 

ffiSPW^fUB^llifcckOV-? y *Mtc$MS fcttJSjfiS 
ti-r iria^jifcj; wwb>< y i'MKam t . 

5 (ciB*S©*38tt8g©SBi:££. 
[ f 8 ] JJffiWfiX*©«f JSBB i S98E^««W i © 

«*jBR«cc»*r -5»5jas5 tegats©¥3«*«g©tt 
[iistoi i o ] mg^«e^ y -tni*!**-*- sxar 

«. WIB>< 'J +M<tBulB5fBXfl:<!:©PaccEDttlTSSE 

«iiB5TBxfl:i©ra(cEnj)n-ramEJ; o 4><g< -rail* 

JB5 iclB|g©*^<*«g©»ig^iS» 

[wm \ i ] «TEiB«ffli«*»ia-r*xgB. huibib 

affl9t©J&fiU£fctc. WIBl&lt«l©T)itc»BR3hA: 

WBB»fflii«:*)«*»«t)jitfXS« v PIBiBitgfflSIt 
£ I) KiflB 3 > Z t> V * - )\>K&m*WbTLtsnim 2 
CCietE©*2li*^g©Kii*-ffio 

[st^si 2] mmznmmviftMz. m*&mb, 
&mi>-cmz®ti)&t*ft#% i nciBtt©¥®ftsg© 

C»*S1 3] UiBAiJ+'JB©^)sStt»K«. Ta, T 
i. TaNteiO'T l N©l>m*« ) &ffl«.> 41*^4 K 

IB«©¥«<*Sg©M^*a o 
[IS^l 4] ST&TObJSHtt. f5IB#)l)i©^ffi?rK 

<t3-&A:»{tBI*»66:SM*« 1 tclB«S©¥«^«g© 

[i«*lil 5] |iHB#H)i©*ffi(C^b^J^«^L-CBU 

KmtMiJ&&t&naa& 1 4 (csai£©*«(*^g©ii 

#n©mii?5f&*^ if mmzzmt ztmfr h * zm 
<*iig©sig^a. 

[fi#gu 7] fiiB^«jgg)i«. fjiB^niic^aic, 



(3) 

3 

freftSKotirn^ijeiss-r •sawjfl 1 6 «:iBts<©¥ 

jK©¥gf*SSg©3&S#&o 

m#m\ 9] ifeis^wo. aPBx* ... 

£, 

rniet^stf *&©»ff Boo i «r tew bx ft <dw mm t 

mtmmm^m<Dmmmm±^mmm^mm ass? 
«a^fa£. 

iiinE^*»*«©ttw*ii*NMSii/i(iia«fB»x** 20 
[is*«2 0 ] ajiBfcOTB2^©MflFBBKWB5£*4 

•T-2.f«^ 1 9 (cfStB©flfB£go 

[tt$g2 1 ] gjre*K*iftfttt#&ts, Biiie»wg*t 

»»©aw«iBK««!PllB*A:««jfi«iII6«:|BB3ti. 
«flBtfWfB*Wl«»©»WJ8ii*Hlfti L-C^iMOTBE 

tcam-r&aii3Mg£, 30 
«rffia*#ia £ bSibw bx* £ ©no jcafsewi*: Bflnf 

*£]*««£ & <l;t&l1l$9f 1 (CiBtt©9F£$g. 
IHUJ8B2 2] MBSifcmiSB. frjeJB*B©>'W*tt© 

n&zmjrthnnmz 1 fciets©w^g„ 
[«3jai2 3 ] mbwbxjib, *^-;n*©#attsu 
tt* 6tt 0 . ^fS^tt©^tt©-Kffi#¥FBffi£tifiK l 

ft. i^WBlJU£fcK@*Kr*2»^©*ra** 40 
iSM*3l2 1 CclB4£©5fBSg., 

? i, 7s v v -ftm&m %.hwm 2 3 lamvmmm 
m. 

&®<mwmmmi&Tz®im 2 4 ££*&©{*£& 50 
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g. 

[ftjJBI2 6] B&gBWBXAB. BiilBIsllE«}^#Scca 
& 3 ftfcgmttSW* tc J: o r ft& 3 ft Tte 9 . B«f BHIe 

41931012 1 (c£»©9FB«K. 

«FBffl«:»jdE3 ftfcttHUM tc*t L Tit & ££Hia> 6 

ft m*m 2 3 {ciats©wB^So 

Se>tc«*Sg|iJjSIl 9itfBi!<©ffiB£g. 
[ 11*312 9 ] f?iB«iflg*f^CD»ifJgffi«riS*Lfc 

wmmmmtt mmmxmt oiai©«sws!>i*ttw-r 
g. 

"C, IWB«IWt»©tt#M£4 * S <fc 5 KWEOTSlft 
£ UtetMF B*WW £ ©*tfi#fr ©{4g£i|iffll-f «Mfll 

3 hicmt ztmm 2 9 (ciES<©flfB3§g. 

[HW8I3 1 1 &flFBttl»t;OTBffi©£ffiK|liKl, 
ws»*«i*wnawaraB«cigiE s sws -tt-c* 
WIBifBii±K:«)»«*«l&-r & 

Mffi*S*s<J:UH!*ff*ff ffiriB«KiK(cJ:«SIS 
£ ffJlBiFBffiCC <fc 4^«fFB iilnt fc^ftlffi^ 
iFJStc «fc -o Ti)IBlSWBWm^©«5f@® bW m 

Bul5mfl??gtcj: .smWWBimfiBifBfflfc .fcCfiMBWe 

rfrlBt!SifB>Ptli«J©«5FBffl*¥«^5fgf5ll*« 
3 1 CCl3«©ffB^g 0 

Jfe< £ feaffiS/c«rtB«:}fM3ftfcttPgm!BJ©« 
ill, Hu!Bl*ifB>f : tm«5©^li^e»BtHBSfBX*iCij 

znnmmzm c x ^ft o . 

6§fS©¥SK?Q-,-rtB>Pt^Si)3 ti, 

filBmft?® J; S^flJWBfc^O'MIBifBffiK: J; 4^ttW 

[IS*iM3 4 ] SuiBWBffi£Bt)IB»ifB>ft^^©^ffi£ 
©Htc8ifiBWBffl[£ £ fetcWBSgS^^^ft^WBSi)^ 



(4) 

5 

mum mm <t h\ vmwm& tzm^L tcmmm^ 
i#ucffift&iifi?mm£*-* <;>^u 

©*# $ tca-^U-CWgCDittf £1 ®-rSfl#JI3 3 it 

fB*s©wg;£&. io 
mM?mzms??>n>m3 3 &cfBts©5Fg#a. 
n^omm^mmt z>imm3 3tciets©if^ao 

nam 3 7 {cietsowe^ffio 20 

[M#gf3 9] B«E»W**f*'Bl©l*ffl*e4L/fclWE 
«*^£iflKfWlJ*£©IB!©rafit>i©rt* 3KS 

OTiB«ws*fa^©i)fe©jiiT=&«ii-ri>i«* 

J53 7 Kia«©ifBWffi. 

3l^tt©W^Ifl:©ifgffliiilB^SI)St©MCcm»^ 30 

traawsiju B-fiB^Ris i fia \m%<o%^ivm Z> 

IS<t, 

»B£OTfflCCiG-9Tffi*t£tt3tt. iJlB^ISJl©^^ 
IEWeift©W8ffiK:*tLT£lH OfciMkkCTOMMI 
£fflB5fgIJI©lii«ffigCC<t -> "CjMRWKISST SI 
fli. 

*WK««!*fc J: 4 mftWeCPffl J: o r ($£ 0 TIME 40 

[ts*ii4 2] fjiBifgffliijia^siaiofflccmiiBm 

IBWeffitecfcO'BUlBPesg^K «fc ZiV&NMtiK. =t 

"cwE^«)«tfli*jH)?WK:i«i"r4ii*i4 i Kiett© 

[HWBI4 3] fJIB^Ki^SSti. l!ijfB£ISIS©Slffi£i£ 
f b<* ■ttfcBHtSljfc e. ft £M$9 4 1 (cGttOVfB^S. 
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*WiE£Mlt©»ffi±fc#Ji)iT*ill#9I4 l tciEigcDW 

[|»J»B4 5] mlB^«6^R«. BulB#lMJ;0 4>. S 
aWJSSjWJK . «ttWS*fl&WBi.>lllJ»B4 l tt 
IBtt©WJS2?a. 

[M$34 6 ] *flHm*MG&IIM©ltB(c«2$ft: 

ttsssi*. ne^iiR^jwrr&n«3i4 kcgho 

4 6 {CtE*g©5f^ffi„ 

[»«5i4 8 ] meiFMntcd«ti«vnnBtt«jE«:ff 

4I«*«4 2 CCfBtK©flFg#ffi. 
[0 00 1] 

[^©fi-r-sfi^in tci^i, m& 

[0002] 

[«£*©««] *»»«B©**8Mb. «bcc#cv 
BKQftfflb. BKtr»f-©l|/WL B*©£Ji{bWt 
A/CteD. ^fl*B©«£:7n**CC:towa£IMBIB 

sicttiwuti^. fit*. ^«s«« 

ji©^f*iM©e«t«4±t/'C7Jl'5-9A (A l ) 
*5^ffl3tiT*fc*5. ftifi©0. 2 5ym;l'-;HitT© 
T^^-jUttet^T, (t^©«KBi*««W*'4fc 
©Ct\ BUtWST^s-^A (A 1 ) #>6ffi (Cu) 
tcttilfc|Ett^o-fe^©HIE36s«^tftoti'C(,»4. C 

—>3>Ktt?:MS:-rlr5il^^ U 2» h*s*4. c© 
Cu?:iB^{C^fflL/c7'P42X-C«, /ci^tf. 

if CMP (Chemical Mechanical Polishing: ib 

J^fiSf 4. ^'vix> (damascene) i£i<fct^4!B^7'0 
•feX*5W^<b^-5tt,^„ C©^v~»S«. IB«©i 
3 6K±©lPa^B4>g-T4 

^IDIB^K^H-Catoiitfr (dual damasc 

ene)ar«, § e.tC^«ttKi|(G:«©mi«*i?II6ift 

[0 00 3 ] CCT\ ±IB©f r iTJl'^vi/>a(CJ:4 
EiS^fiE^a-bX©— Wc-3ii-rS3 2-H3 7£#R5 

tt*5, iB^t^4i L/TC u zm^tcms 
ic^xsawt 4. *-r. H3 2«:^-r<fc$cc, fc<t^. 
«. i/ ft c > WttStttiHW^ $ nr ^ 4 

y 3>*©i|£j»fla&>6tt4WR3 0 1 ±K. /cii«, 
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i$ECVD (Chemical Vapour Deposit! on)&K J: 9 
JBdM-a. H3 3«CijVr«fc5K:. *«3 0 1© 

a«3 o i ©^*6«si«i«(im»e«jccg^3ns0rs 

^•*->©E*^l$3h*»3 0 4*&Ji]©7* r 'J 

S. ^i,'T, 0 3 4&C^f J^tC, m'';-H£3 0 5£1 
MttfMt 3 0 2 ©ftfifc iO'^ > f * h 3 0 3 . 
?«3 0 4rt(C»fiX-r.2». C©><y+H3 0 5«. fciA 10 
«. Ta. Ti. TaN, T i NtJWtmSrfttt©*''* 
!»*ffitcJ:9JBfiW*. ^y+«30 5». Ei££#J£ 

-ritm^jnaiftiiiia o 2 tptcsfctst^- s©£bs±ts 

3 0 2 'j a >®{t|g© <fc 5 fcJS&tttt. C u ttv 'J 
[0 00 4] 03 5fc^-f cfc^K, ^''J+183 

0 5±cc. ^- fcuB3 0 6 *&&©*.'■* **j£«c J: 

«3Bf3E©»»-C^«dEl/. »ivc. 03 6Jtflrf <fc5it> 20 
3>$r* r #-;l,3 0 3fcJ:O t »3 0 4*Cu-eS»ji 
tf<fc*>{C. Cul3 0 7*Mn, Cu)g3 0 7«, 
fciAtf. CVDS, XA^Sftctot 

jbbws. acn-e. 03 7k^tj:^cc. ara^^M 3 

0 2 ±©jfc#fc C u H 3 0 7 te«fcc%"? y 3 0 5 4 C 

*3 0 8*5*tf:3>**r30 9<!:JW&iS3*-ia. ±IE 
t fc 7'P -fe X 4 SM 3 0 8 ±xm <0 il Ut 5 C £ fc «fc 

[000 5] 30 

£#frCuK3 0 7 'J 3 0 5£CMPffifc 
cfcoT^T-SIgtCfe^T. IR|8]tt*B3 0 2 £Cu 
M3 0 7*s«fcCf 0 5 £©|**ttffia*IS&*C 

£#>?>, Ei&3 OSKfv iB-^Xv' 

03 8fc^f £5fc. fctA 
0. 1 8 umh-fWr-fHsh-ilVite^X, /£. 
1 00 wm«BE©J:^)5c«©l£l»E«3 0 8 3&J 40 
IfSUfcig^K. ^^i3K©**a5*sjSjpiJ{c^§ti^ 
CA,ri/*59l*T**). C©r-f yS/>^*«ft*feT6 
£SM3 0 8©t0Tffi«#*£T £fctf>, ElgiSftffi^Jl 

\,\ ia-; 3 >tt, H3 9 ICrjkt <fc5fc> tctZI,*. 
3 0 0 0 /Lim©$BffllC 1 . 0 Mm©II©ia§l#5 0^- 
•fe> r©ffigT^j£3ftTl>£J:5&<'<#-->ffi&©i6 

3 >*5^-r-2.iE^©»r®ff*s^S-r€>/c* > SHS 50 
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JStf^fi«©MHia4. »./**«. 04Ofc^1-J;5 
K, J3M^MJ913 0 2 iieS3 0 8 i©WC12i^3 0 
8#HS< &9SM#rtTL*53t#ir* ( ?. corns 

^3 0 5«:CMPffi(cJ;-or^*-r-5Igr«, CulS 
3 0 7 te«fct>V< 'J 3 0 5 «tt*ntcMt£r&ifi»# 
*•). #{4B^Fi^/c«3©^4S-C$>€)Weu-h«. 

5 0 0 nm/m i nJiLL£&£<fc 5fcg#3*a 
rc>4. c©5ffiu- h%«<fc»{c»"?*-^(c»-r 

■f&i. 04 i fc^-t^c, gasstMcx^ -^s 

C^^5*JU^V-^CD^^o-? 3 -r< &fc, 
$fc®©Cu-£7.M/5~'5Ar«#&£L-*>-n>. C©/c 
66, Eif£©*-7'>. *>a-K E&ffiJnffi*^©* 
Jte©KHitt9. */c> ftlIE**^*<-rS£. ± 
fa© r •< ^ iu-^ 3 >, y-fex ©#££*&;*; 
t < & £ £ I > "5 ^W2S*M¥ft l> 1c„ 

[0006] *«WB. iiiBu/cPp^gitcas^r^^n/c 

4>©-C*-o-C. /ciA«. ^JIBtM«S«#-ri^j»tt 
^g©ie*S^©^H)g4i3f Sic d: o r Witt £ RStc . 
!7]»3EflCi?:Satc¥ffl{t-C#, *>-3*^)5c^|lil©Kii 

a. ¥^^$is©S!iig^ffi4^tt-ri>o 

[0 00 7] 

[ISIi?rft?^-r-2>fc*©^IS] *S"W©Wlg^!S«. w 

40fS©@fgtt**'C»{ci5iiK3-a-. ^-rsifS 

Ift@Kffi«*a£. tjWFB»*ft*fi^fLBR£©H(S 

WE«[efem«5K:*tiBi-rs^isi©ssM4a^«ifiB 

S»l[4Si^*^© i . ftrEtt9F@#*«I©HW 
Sffi£lirEilfBXft©weffl£'&BB£©¥ffiKffl^rffl 
>ft^«j3#-5ti>Pt^W)^l3<!:. «rE»9FJSMft«l©ttVF 

X . milWmWiP hWRWRMXA CX ME9FBXA 

©ttwes©^ffiici5iiEL a*j esw-r s weffi^wr 

15$ attifi^mm vxy-mmm mmmsx$> ~* 
x. m%mmm±.&wffl&*m&?zwmm&^&* 

Wt, irE9FfiS«:H9Ett9F6^fl%!©tt!9FS99(cSS 

mm&wmicj: ^xmmwmziMtwioiwwmmzy-tB 
\mmz>. 
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[0009] *&B®9n#&t*. mn&vwmxMttD 

exji t mmmmtt mm t * « <<mu s -tf * w miz. 
it-rz. 

[0010] ttc, *»W©WMf^ffi». ttW**t*» 
BI At ffflB^IRM i IB«:»f3£©«E*EP JD-T SIS 

&. fiiePBx^ifeffliBfigeMffB*}^©^^ 
4*9?je©¥ffiK:}&o-cffl*hB«3'S. bSib^jhm© e> 

%BUlBiFBX*©if^ffitc*tLT^fflL/fcflSP±©^F»!j 20 

«j)g^ffji2wex^©«w^{c j: o r mmacmctr 

[001 1 ] #IHIJ©¥a*f*Sg©S!fi#ffiB. Sft± 

mm btc&mm^wic^m&mmvmwixfczmiz 
f^miHwn^wsm^jmtixmt. ffii&mm 30 

(c«fc o"C40fclWB^BIII©«ffiK:l?a"r 4db»±©^ 
K«fc DfciMlB£JiiJg©3*ffi©0Sa* ffiltt sx 

[0012] tit. **w©**twia©»jB*ffi«. 
ioiB^ii*«¥ffl^stifc#«Bi©isgBi6itii±cc#aE-r 

[0013] *im©4E«(MtK©wt«S'Ctt. mm 
«wtc^sr-2>ci-r. #n«i©fl»«fficc^m-r 

4. c©^llH©ifb»ia«'ofc^tt!Wi*^^ i> £ LT 
«B««:j:5fltj!?f¥ffl(cj:-3-cjiS?WK:igttTS. c© 

tss> #«ii©fij»iiaci*s¥a^sh€.„ msh 
*tas*S3*i. /cix.(i, eiR«x^r«iR(cifiiMLh so 
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3i3#© wra*w.it o . tmmicBsSi s ftfcSBiaffiri 

[0014] 

[»W©SUfi©^S8] WT. *^©SU6©^«8Ko^ 
t:Hffi*#JHLriiiwrs. 

gf^gg©fij)& 

H 1 «. *»M©-||lteK!8K:«-4W^g©aiflt4* 
THr&-S. 02 B0 1 Ct^Tffig«g©JJI]X^ 7 FSB 

©s»^0-e*s. b i wesg i ». jui^ 
» f»2 i. id?m®6 1 i. wgggi 

7 1 Sfl?$(ft*&Hg8 1 £*flM.Tl»4. ftte. 0 
OTO&Otf. SfggglB. fy->A-ArtKB«S 

acr*y->;i'-Art{ct6A3tifc$ x-^-tz* h 

iif &gg i i ©far x -^©gw a u %tf *> t> * - 

^BtasosK* h*J»fflA#- h <tWJg«g l <t©p a 1tc^: 
g£ft£o 

[0015] JDX^» FS2B. SF)gXji3£G>}fLI] 
<E3-«i. «SXB3£^TSWexj|fi!J#Sl 14. 
WJgX^ft^SBl l^Z«i^[fi]©@«{4g(cfig^fc1- 
SZHfl[g*8{>«M»»3 1 i, \mm^9mtbx<D^ 

8fSB4 1 ft*5. 9FSX^^»1 1 #$f£ 

IB©?FBX*liKfi!^#S©-*ftW«:*Ht LTteO . 

*tt#S©-Ai*fl«IK:*neL/-c*jO. ZW{4g**^« 
SB 3 1 B*IM8©»ll)ia«»«>*a©-**««:»l£l/ 

[0016] Z«{4giftJt)tS1«SP3 1 B. H*Lftl>3 
^AtcHSStifcZtt-y-jK*-* 1 8i, ff^gl 

2*jj;y ; ±«i*-^ i 3cca^3n, zw-y-**-^ 

1 8 K&^Sttfctf'-Jl^i/flb 1 8 a tCiI-£-f6*^SB 

[0017] Zlit-*'t-f 18», Ztt-y--^"*- 
* 1 8{cS^*lfcZUF7-<^5 2*6|g«imii6£*sffi 

^[6]^(S]CC?&o-Cs9!W6n. -«8*iZ«l1f-JK*-f 1 
8K»tt3ti. ffe^B. ±e©H^L/ttl.>3 7A{c»W 

fttCfcO, ZMtm%«MtHHH(3 IB, Z 
*1 8©iEtt{tJ:oT, if^I*{S^g|51 lKfiififSti 
/cifex* 3 Z**|Sl©tt*©fflg{CSmfiUI9W&-r 
6. ZM(ftg%iMMi»3 l©(4g^«)fflSB. fci* 
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b, ftmmo. i umw&tbtm. 

[0 0 1 8] XH&IMMft4 Hi. ■) I ^W?:ft+> 
^■n^i^-^M 2 i, 'JiMf-yw 2 £|5] 

^|5|lE§-tf€»|gKl^?:«*&TI>!iKl*-f 4 4 4. Rib 
1> 4 4 4<$?#$SB4 5 fcattT*'*^ F 

4 6 1 . mms.4 5 (cKwen/cjrai-'O 4 7 4. m 

Kl*-ir4 4*»J:iy { fi!N««4 5*WBStifcXl*^5 
-Y#4 8 4, H^&l»£fcK«£3ftfcX«W---il< j e 
-£4 9 4, XW^-iF*-*4 9tCg$£3ftfc#-;b 10 

*y«4 9aA. xfix7^^4 8(ca*s§n^-^^ 

S**4 9 a K«£T4*5?W#«£3ftfcWtt»tt4 9 
b4£«-T£ 0 

[00 19] ^iAf-^42B, fciitf. X£© 

•^SKjco-Ox^wiBair*. mi><>4 7B. 

S!tt6ftTt>£. I8»*-£4 4B. f— r/Jl/F^-M 

5 3 * 6 KlWt SbWflttft 3 ft * C 4 tc J: r» T KKi 3 *i . 

$4 9tt. X*-9--#*-*4 9{C««3ftfcXI*K5 
A 5 4 #> S ft SBNflSftCC .tor @$sfgSb L . 
X«|X7 #4 8#>#-.»l>*yii4 9 afciO^ttSBW 
4 9b%^0rX«*f5l(clBtt-r4. C©4t. X«r? 
-#*-*4 9Kfl9&TS(B*aa4WI8Pr*C 4CC<fc 
ot, ^*-^f-^4 2©Xlt»iSj©iSasWffli*pI 
164 & -S„ 

[ 0 0 2 0 ] 0 2 B. ffjgXAft&fl. 1 1 ©ftgMfj*© 
-W**-rHT?*4. WBIA£J#»1 IB. PFglJl 

34, wBm3*£ft-r*7 5>y»i*4 4. 30 
y»t*4*iBHEeiaE«:fi^F-r*fii»«Bi 24. £t#g 

■ 1 2«c«J$Sftfc£ttl 2a4SMM.3ft^tt£Hl 2 
a*@CS-l*4£l**-* 1 3 4, £tt*-*13±tc 

Rtthtitc •> > £*t£B i 4 4 So 

[002 1 ] 1 3B. fVUi'h 

F 7-^*-* C<D*t4\sZY 
*><0®ml,t£^v-%tt., «t$8Il 2K0SJ#$ftfc3E 
141 2aKjtl£3ftTl>*. $7c, 1 3B* 

<MWC5> 'J >£*iSB 1 4© t'X F >D ? K 1 4 b *H*A 
3ft4!ta?L*WLt:i>4. 3B. i N F 40 

^5 l *>6tt*&3ft4IBtt**«:J:-3rll»Sft 

So 

[0 0 2 2] &8JSB1 2B. fc4AB, 17^7'J> 
y^rfilA-CfcO. C©x7^T'J>yri$*l 2 a?:@ 
CefttcffJfLri**. <S88B1 2©£ttl 2 a4>* 
>i>g|Mt •> 'J > £'£B 1 4 © fx F > n -j F 1 4 b #*PA 
3ftSJta?L*fll/Tt»4. 

[0023] 75> ygPW 4 B. £|RtJtt*> e.JfJfiXS ft 

rteo, mmtm.\ 2©i«i 2 a teste,* ft. a»K 

HP8I.4 a TiSffl4b(C5)fei^3*5i*§ft 50 
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T l » 5 o 77> i^SitW 4 ©±ffiffi 4 c ffltigttKB 1 2 
<c«Jf3ft^l»l 2aKa«63ftT*j9. $«12a 

t*4 ©±Sffl4 c B. * 1 3 Is&V&ffliat 1 

2©§lffliCi§W &ft/c*«tt©iiB»tf2 8 &C@£3 ft 
fca«^5^2 7 4&MLTfcD. MM7vi'27 
7>y§W44«m^W(cgi^3ft-C^S. 
[0 02 4] i"J>#ISB14B, 1 3©^" 

-Xifca^Sn-CfeO, tX F>1 4a£rtjaL-C*J 
•3. tXF>14aB. fc4*.B. ->"J>^SIgl4rt 
KttlftSti^SlEtcjror^EOA 1 WM2©Uf 
ftfr©[S] ft So C©t*F>l 4aJCtt % f 

X F >D v F 1 4 b tfafSSft-CfcO . fx F >D ? F 
1 4bB. iH*-* 1 3 fc<£ 1 2©<tM>£ 

1-5-C, 7 7>ySPtt4©MP8S4a*>e.^*Ul-r^ 
So fx F >D 9 F 1 4 b©5fcSKB. JfEStt 2 1 ifi 
jW63ftT*»J. C©fflEgBtt2 lBfXF>n? F 1 
4 b K»OTff5£©i5Hr5fil«e^tHtta»«|{c 
<fc-jT*B3ftT<,»&. J¥EgPtt2 IB. ttfifSftB 
(CEB3ftfc»iHR2 2 ©HP 2 2 aOJSiiiSlttC^gpJ 
ttittoTJuO. fx F 1 4 b©^EHA2^[S] 

^©K«lKJ:->r»»«2 2£ftEf So 
[ 0 0 2 5 ] is y > ^KH 1 4 ©fx F >d 9 F 1 4 b 

©**»kb. «a?L*^^§ft-cteo. «a?Lrtccji 

«W2 0*iJfA3ft. f X h>a » F 1 4 bCtttLTS 

ssft-c^s. a*«i2 0B. »atttm*>6ji5iai3ft 

TfeO . ±«BB'> 'J >ySSB 1 4©f X F > 1 4 a* 

jta t -c > i 4 ±(csw e>ftfcp - * ^ a 

-f > F 1 5 ^-CfflO'tfcO . TffiWJB, f X h >P y F 

1 4 bfccttWESiw 2 1 znmbxn&m 3tvw 

^'■CteO. BS8S2 3{c»«l.3ft-Cl>4. 
[0 02 6 ] am«l2 0B. Q&mcMMlUW&tiiZti 

•cfc o . c ©ma?L*Hb^p^j ( x ^ >j - ) to^vn 

S. $fc. jiBM2 0B. D->yy a -r>n 54, 
mffi«2 3 4?rmmMCClgi^TSSS!l i &m/cL-C^So 

[0027] am$42 o©±«g|5{c»MSft/co-i» 

JX3^>F15B. «I»S«6 1©^5XSA«»W{C 

2o*5|p]iitrtaii#2 o^oam^iitt^TSo 

am«20B[a$EL/TfeD-^v> ; 3-f>F i 5 
ccfco-cmmwie 1 ^e.7 , 7x©ai4^En»D3fts. 

[0 02 8 ] ami* 2 0 ©T«gB4Cgi^3 n/cmffits 2 
3B, £JSWf4* 3 e>&9. "5*-^W{C^BR3ft 
S^il)i=fcO«^S#M-CJfM§ft-CUS. ^@«2 3 
B. ±EflB*s|ftl»«2 2{CfiB*gft-C*»«3. S@«2 3 

7 ^SPtt 2 4 $ ft r I ^s . 
[002 9] CCt, 13 (a) BI«2 3 0«f© 
-^i|?r^;tTffiS-C*0. S3 (b) BB&HS2 3 4. 
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aH«l2 0. Z?y-7mt2 4to£Vmm$att4t<D{>L 

mamzfjktmwmv&z. @3 (a) (c^-rj:^^, 

Tfc 0 . C ©RJPSB 2 3 a ^4>^icm@« 2 3 ©¥S£ 
faKSS*ttccffit>'£}t$©?8a$2 3 b*«$*Vtl,> 

•5. 03 (b) K^-fct^c m.mn2 3(Dmn 

352 3 aiCB. amM2 0©T««*£@«3ftTl,> 
-5c C©<k5£ctitEU-f&CiT\ a^!42 0©^gP 
KM3tifcM^X*2 Oa5:jiDr«*S§tl^X7 

4cD^ffltcra-r5j; ; 5(cft-prt^o -fft:b*3. mm 

«2 3£. a®Hl2 0, Xl> 77^2 4*5^^*^315 
Vi 4 u ft ft . X7'J-1>J; OTEfgft tfiiVtt 2 
OO4 3 'C»SP(C0RR3nfc^lS^X;I/2 Oa^MCXZf 
5 2 4 0±ffliJSD(C#t*& Sn^i, X * 7 7*g|5tf 2 
4©±(IJffl^ft«c^7 y-fcJUWHfcWB&i*. ft 
*j . ?«tt 2 4 te J: CtilBN 2 0 ©«*& -/ 2 
0 a tf*ftB09FBmm¥f!tfc J:tf«JS«#l&*»© 

-*ft«tc»i6i/Ti>s. *fc. isffi2 3. am 2 

o * Jctfn - * s? a > H 5 j&**IMB©fl«#8© 

[0 0 3 0] mg«2 3©TffiCCte*§n/c^^57g|5 
#2 4B, SjB**s«fctfX-7';-£lRJKU Ctl6£± 

«©tm. *#>5>tt©i#B. £fl*tt©tflwa>€>» 

tf+MUHt. #'JtiA7tjr-* (PVA) fti©® 
[0 0 3 1 ] *fti*«2 2B. fciAtf. -tz^S^Xlf© 

tit* >3 . c ©seats 2 2 b«&© 

#K©*IS»W 2 6 K «fc o -Cffiftgg 1 2 ©Xfi 1 2 a 
(C*»S3*iTl>4. **SaW*2 6tt. *6S«2 2©*4> 

Sll 2©±(*1 2aK)ttLT£ttSttK:HH#3*iTI,> 
4. C©fc&. ««2 2 B£tt 1 2 a ©H^Kgtt 
HJUBT**. 35 fc. |fitt£2 2 iXW 1 2 a £©P B 1CC 
B. §aiSS|5W2 6CCJtJt.LT, fc£*B. 

[0 0 3 2 ] mm.2 2 1 2©X«| 1 2 a 

*tLT£ftgfiKU NMItft2 2d:£Hl 2ai£5lptt 
SRtt2 5ra&TS8fi5ci-fSC<L«:J:fL ^ 
■ 1 4iCiSEiT%^LTfX h>o? K ] 4 b*fc 

En a 2 ©it] # kt» ^ # s i . tmmt 2 1 arrest* 

2 5©«S^tcjM6o-Ci|g^«2 2&T3&K:tt't/Ttf. 
£ti££t>(C**77»l#24fcTlf* , ra. £©«»*> 

6 is >; > y«iB i 4 ^©i^Ei 7 ©{ft*S£ff ±-f S t . 
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WttSW*2 5©8Bc*KJ:-j'C. «IMR2 2ti±J*U 
Cti&&fctCX*?7»tf2 4fc.hJ«-*. 
[0 03 3 ] «FfiI* 3 tt. 7 5>i*»W4©»R©T 
*if4b{cH#Sn'Cl>*. C©WBfXR3tt. *-f- 
A«K»J«3nr*JD, T«ffi{C3SStt©if|gffl3a^« 

<b. tb$^^Mtt©w*4-c^T5o feaa, ;w 
10 tm^wr 4 •> u f >«n. ^ 5 i*=^> 

Will. sPU t-A»T**-A (PVA) &£©»Ha>6 
ft*£?LH#*>^Jj!c-r* ££#"?*£. flFIgXJ|3 

b. «Ktt*w.-r477>yaJtt4«:e«ft»3ti 1 7 
7>y»tt4{csa!t-r*a*^9i'2 7*>6a«sn 

-Tftfe^. 1 3teJ:0*^SIBl 2©ffliJ 

11KIB*6tiytat«4©a*SM*2 8«. «fl¥S»6 1 

©v^i-xgismwtcaMsn, am^W2 8«:i8w 
^nfcam^^ ^> 2 7 »7 5 > ^mt 4 ©±sh 4 c nc 
s^t-cteo. cntcio. ifj§x*3«m»?^iS6 1 

20 £a«$&2 8> I1^7i/2 7*J«fcc^7 7>ySM*4 
[0 034] ifjgl*3«. fctx.it 04K^«fc^ 

±ffltC»UTWBffl3 a©<WS»i|§lttCCf8»J0ri»S. 
fcixtf. ffl$8W*l 2©Z«^5-f ^1 6^©«0ft 
W*»*HaW5Ct'Cilll 2 a©ft/hft«tt4«:-3< 
<3ta-rci*5-Ct5. C©J:5CC. ifl§X*3©*^W 

*j«>x-^w©sffi{c»Lr»^fttt'Cfa»LTi»-5c 

30 i K J: 0 ; 5flgX* 3 ©5f BB 3 a £Bfi£©»QXE# F 
T^x-MWCCflPLffWfcl^iC. if(gffl3a©^x-^ 

wK*rr 4H»wftf^fli««s 3&1H4 tc^-r * s k. w 

BXA3©^^ifii«:«ic;4iS«tt©«l«ift4. c© 
fcfc. "?x-^W?:ifBX*3(CStL/rXW^[6]CC^i!j 
3*TWBT»*ff5l»{C. 05 (a)©ttlW»6H5 

(b) t£®m?z>wi. 9mw£<mffi&s<Dwmtv&- 

^ift5„ ^IJBg»«:ft4WB«a 1 WSXjl 

3 ©ifgffi 3 a <D-mimmic 0 x -^w©affl(c^ 
[003 5] mmmrne ib, ±iBt/ca-^'jy 3 >f 

>H5iII^7->12 i©flfl{CBf5£©flE*Enlia'r 
4»II-C*S. a-*'J^aOH5iISy5i/l 
2t©PflCC§E?:Enft]'r5C<b(CJ:r)-C, ifigXASi 

x^77-g)5W2 4 t©im«:Bfii4is*»iE4-r4. m«m 

«6 1KB. fcK-£©*E*a* , f'&£*E««rtt 
ft< . L < B. «E4-3E«»!-c-'<;i/^ttK:m*-r 
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mti. -WtLXkt, HMMKVDC 1 5 0V, * 
*Htfj«ifc#2~3 A, rffrZfctfil , 2, 5, 10, 
2 0, 50 us (D^tftfrl&WBltfetebOZ&ftb 
fc 0 ±iE©cfc 5ftifi*mv^xtt©maj#£1-£© 
tt. I ^U*^fcD©118?^fflS»£M^ < f £/c 

tcfe c smsusin©^*: j: s x a- ?1&nt£ &n 
i©£f6Wft*u-*tt©g*$tti%i%±, ^sw*, io 

-c&S. Jfc, Hi#iI«(cJ:bLTattSE^b^m^ 

fcst., Mi£ii©i&^c&siig©v-y>£ia:;E-f s 
[0036] mm'mme 1 cc«. ^B^rns^m^ 

iL/-CCDmffilt6 2?:<iA-Cte*3, C©»ifclt6 2tt. 

e.tiTfco^ ufcrn^fflfi-f 6 2 s*=oh-7 

5 5<cW*-J-4. Sfc. WB«B6ltt. *m®mtii 20 
ftfcH^a£LT©aSiWB3*«a.T*$!J. C©fiin 

it6 3\,mmmm6 1 (cismssssKa-^T. 

^W©«Ii*SEbLfcSMl*3 i^ffi«2 3 i©B© 

'J > *Lfc«»fflifii«I** 63s^3>h-755 

[003 7] X7'J-«gg7 ltt. X9'J-*±SB 
©iimf A 2 0 ©{£,& y X;P 2 0a (CgfcteT S . * v <) - 

^. 3 9*»*y$ A3*<-*iLfc8Mt;b 30 
©*4*»jRccBI{bT;u5- , >A (T^st) , SHb-fe 
^y#. K<by;i/v^-5A^ifgjgftii0T 

£*T3-l+fcfc©*ttJB-*-4. *fc. MBtttS. »tttt 

3tfTte<. 

[003 8] 3JKiKtt|g£S8 l «. «B«E L*Dni 

^ nasi lcceuft-rs. oiks el is. 
[003 9] 3>ha-^5 5«, ire^a i ©£#* 

Wrr4«B£*L. JWtfltCtt, £»K5-f'<5 l K 
>PtU-C$iMi-^5 l s*ffl#LTW»I*3©|3||E»* 
MML. Z(*F5 4/<5 2CC*fLT«lfflHi#5 2 s ^rtB 
^L/Tifgim3©Ztt^|6)©(4g^«)*IJjSl?rf7t>. r 
- 7*JU K 9 <f 5 3 K*f LTMWI^I 5 3 s fctttfj t, T 
■5 1 - ^W©@(0»4IM8H/, X# * 5 4 (C*f L 
TIWSPfflMI5 4 sfcBWJLT. 9x-^W©X$fcfr|pJ© 

*&gs8 1 te<fc^5 u-«$s^g7 1 omitzftw so 
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L. JPX-^-y KgP2^©m^ELte<tO'^7 , J-SL 
[0040] Jfc, 3>hD-755«, m»?^i®6 1 

SBfffiif. 6 1 (DmffiM 6 2 te J: O'ffiftft 6 3 frh ©mffi 

2 s*5ctO'm^JgJnfflff^6 3 s#A#<*tt 
So 3>Fa-75 5B, Cft6^«ffi{i-st6 2 steJ; 

o'm«J6Cx<ifi-^6 3 s jca-^or. wm&s. 1 ©ttfp 

s A> P>f# 6 hfcWSWfe&Mt i ft * <t 5 K . ttiifcflHB 
1 8©fflffllLfc»J. «%fflm#6 2 s S/c»maffiCifii 

[0 04 1] 3>Ha-^5 5(CgS^3*T,fc3>hD- 
;P/\-^;U5 6«. ^^U-^*5§a©f : -^ ; S:A^L'/c 

[0042] ^K, ±lBLfcW^B 1 CCJ: S5fgK>^ 

BJTS. i-T, ^x-^f— ^4 5(C^x-^W%? 
+ ^x-^f— ^4 5 5r|g»lL/'C^TS© 

:/;M5£Xtt#|6jtC!£«)L'-C > 7 7>yg|54K:K*)# 
W6tifc5f^Xft3 * , ?x-^W©±^©B'fS(4BCC(4 

g§-t> wBi*3 4ff3E©[iR«'ciae3-&a. ere 

«2 2 , 2 3 te J;0*^ f 7 ^attf 2 4 4>@islg«) 
t*2 1 . h >□ y K 1 4 b . b'Xh>14a, II 

#2 o*>HiS(c@e-rs. 

[004 3] C©tfaB*»<E>. 'J-«*&JIB7 1 teJ: 

o*m8?^^g8 1 36>6-en-eti^^ y - s Lte^o' 

SWiS E L ^iiUfi 2 0 rt ©«*& ^ X;b 2 0 a Kim? 
Si, X^-7 7 , eW*2 4©^ffi*>6^7 y-SLte<tO' 
WB«EL#ttteSft*. 9f^X*3?rZlii|^fnl(cTP4 
$ #-Cif SX* 3 ©ff mm 3a«x - ^W©«ffitcSl 
3fSE©ttlIE*"C»E3tt*. *fc. «W1W 
6 1 *jta»3i*r. a*^5^2 7 5rilDTifex*3 
Kv^y-X©^fii?:Entt]L/. a-HWa-jyV 1 5£ 

iiDrx^-7^siJtt2 4(c7 , 7^©s{44En»n-rs. 

[0 04 4] S^tC i/y>y«Bl 4tcaExT*tt 
*&LT, 0 l©^E|lA2©^CCf^ h>D » F 1 4 b 
%TP*§-a-, Xi'5^aPtt2 4©Tli* , >*-^W{C« 

^ x - ^ f — ^il/ 4 5 * X ffc&lSl KBf 3S©a«' < f - > 



(10) 

17 

v®m$n> v x-^wo-mz-mmmmx-rz, 
[0045] ccx\ i6«, wm$m.\ icis^xwm 
xju^zfA^rsucTi^tt Ox-^wvmmcmM 

3iffctftS£^OTS0T&^ 07(i06©RCF»9© 
i£*0-e&<X 08«07©RDrt©&*0-C&£,, 0 

Sftfc^JIMMTCt, -7x--^w±K:ttit6;**ifc«j?® 
EL£/iXT, S/c«, KSSfclrf £C.£K<fc9li6£ 

ft*>\ 07fc^iT.J:9K: > ^HIiMTix^7^SP 
#2 4£©P^Ct;i: 1 brt^&Ca^. £ «E> 

I3aiOKaJt"t y:/Sw#s#£EL,Tl>&„ 07K: 

4 (m@«2 3) iCDfSCC^au-CI,^^, ^S4© 
tgJKR0«^S^t <, Uj^oT, X?7^2 
4^6^««4*/rL-CW^I*3KSni»mSio « 
«{i«-C*0. ^^77"ig|3M2 4^6^^4*^t'r 20 

[0 04 6] C©/c#>, ^^7-/gPM2 4^>=)ifgIM 
3KitnS^«W, fiJgm)S?«E L*©fi£iR 1 £*£S 
LTffgXASfciiftS^fci, £. WEL**6 

IftltSSWE L**iIoTffgXJ| 3 testis 

(cigffl-f 30 
[0 04 7 ] CCr. «&®E L*©iB*nR 1 ». US 
2 4 £ ttft £ t TOP SI* 3 £ 
©i£«dKJtWLT®atc;*fc<&5. C©fc». ffffl 
SERt d +*+ v y'd bfcJ:CJ f +> 7 7'5wif) 
CC*£< LT*s<Ci? l e«*)B«EL>tiOffi!SR 1 

<%i 2*^<%ot, m»?mif©&£A,£«: 

iiiMT©»lg4tScitci5!4. c©fcfe. 
ltMTt<Wfr*fi©«»«Hl*«l*WKtT9 C £#"C 

m&i 2©*#£« > ^>^7'5bteJ:0* 40 
?:/$w©*£ oT^{fr3-£fci?>. ±$Lfc 
3>hD-555«cJ:-oTff^I*3©Z$A^ 
fl©&K*W£*T ot^> btectO'+> y?8vi 
©rttSfcHfrTiCttcj:!). Hflfti 2£-£(Cf & 
Ci*f*4. *"+ 5»7*Sw©**3©M6tt. m«ffi 
ff^6 2 s a»6»e»*ifc*IB*» > ftttofc. ttiti 2 
*t— 5Ei ft 5 «fc 5 fc. Wftiim# 6 2 s £7 - F>< s» 

*{i-*i£otz 1 8©*uai*^5cit? 

oJt&T&£. S/c, fflggEgl©Zf*:&ft©&g&©ifi| 
g«#ft?e&0. 1 umi+WCiK, JOAr. ±M 1 2 50 
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££#"?*■&. 

[0 04 8 ] W±©J: 9iC. ±IE$$©flfg$tg 1 «. 

±a l x - ^wk^sss htc^mmM t £$)&-r a 

Hi. C©WiWS«M&KJ!n*.'t. W^Xfl:3tectO*X 

7'j-sl cc j: s jis©c MP&E<Dit¥®imimm 
<t*««»fB©a^ffltc «t -> -cwm? z c £ (ot. 

WBffi^WB£l»9)- fc-C#4. Sfc. ±ie«R)c©W^ 
Sgltt. X5'J-SL*ffll,>-r«:«fj|fXft3©WBBB 
3 a ©««Wftffig£«JI?fflg«ti£©1t£mB«: «fc o 

"csFBJiu:%^9C4fer#4. ±ie«^©if ^Sg i 
t,>ifgu- hj&jff e.ns/cif). w^i^3©^x-^w 

*6£ftO. r -^>>7", xa-t?a>©|644}qiW-r 

[ 0 0 4 9 ] «T. **)5S^CC^SW^«g 1 ©m« 

©^*gg©f r ^T;b^-7->> i 4(cj;^,is»fiX7-p 
•fe x ccSffl Lfc*g^*««cttW"r 

[ o o 5 o ] 09 \t. *»93©*awt»«©iei*ffi© 

X«rSiBj-rs. *-f. HI Otc^-Ti^cc. /c£A«, 
b ft ^ 3 4in »4 . fc £ 

^ , ;^>i?©*^l**6ftS'5x-^w±(c > it 
tut, ^v^>mitm (sio, ) *>6ft^n^*e^ 

§1 0 2 5r> /c£A«. Slt*£ LTTE O S (tetraet 
hylorthosilicate) ^fflC^T^ECV D (Chemical Vapo 
ur Deposition)ffitCj:l31fJfSf -So ^C^T'. 01 HC^ 

TJ:9K:, ^x-^©TO«^M«t<:jiC^3>^d' 
h*-JH 0 3*J«tCJf?x-^w©^*B!fta;lR|RJg|i* 
«W«:«tt3n4Bf3i^j'->©S«3WfJRSSti'5B* 
mm 1 0 4 fc£ fiftl©7 * h 'J V 

ffl«10 4©S$«. fc£xtf. 80 0nmlgf* 

[0 05 1] #1>T\ 01 2CC^-Tct^CC. AiJtll 
0 5 frgmtftlKM 1 0 2 ©Si®** J: tf=i>** 
10 3, E^ffl^l 0 4rt{C^RSrS. C©^y+R3 
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0 5B. fci&B* Ta, T i. TaN, T i N3?©tt 

? * y > mm. M^mm^mm^m^tcP v 

D(Physical Vapor Deposition) S(CJ;0, tct%.U, 

1 5 n mW&<Dmm?Bf&?Z>. V +£13 0 5 B. SS 

tt±?Ztcib, fc<fcO\ IMNftlMtl 0 2<i©S;#tt£ 

ttR l o 2 y 3 ymm<o <fc 5 &«£kb. «b^ 
y ^ >BMb«^©i£tt«a#** < . nftsti*-n>fc 

[0 05 2 ] ^C^-C. 01 3CC7jr3\t55C, ^'j+Rl 

0 5±cc, EWRStm&nctm. fc<tA«. m&h 

ft£5/-FKl 0 6 ££3fl©;^ «5. fci*. 

B, 1 5 0 n ra fflg.<Dmm VBm? Z> ( 7' a Hz * P R 
2) . 5/-FKl0 6Ht. «4B*UB8l*Jj:0 f =«>* * 

* h i o 3 iskzmumm 1 o 4 5 

(c. aij+HI 0 5±fc**>&&*£R!tl 0 7*. fc 20 
2 0 0 0 n mfieoSKl-C^T-So &JS1I 1 

0 7B, »*KB. W>»*ffi*fctt*MMM»* 

r»«E0T*>J:l». fcfc. J/- K«l 06B£H£tl 0 
7iH*{b-r4 (7'n-tz*PR3) . 
[0053] CCt, II 1 5 B£fl5JBt 1 0 7 £^ ') +H 

1 0 5±tCff^L/fciSji^O-feX^CD*«(*$IS<DWr 
ffl©!fc*Ht?*-5. HI 5tC7S-TJ:^CC, #H)S10 7 
©SffiKB. 3 > 5? £ r 1 0 3 *5«fcO*ia»ffl?i 1 

0 4^©3&iA&©/c#)(C, /ci^.B. 6O0nm@S 30 
©»3©IHi!Wi«£0rt»S. JiLh©7'n-te*B. 

B, JMUftttll 1 0 2 ±(c#a"J-4Jfc&tt&»IH 1 0 7 

fcj: i>vs y +n 1 o 5 <m%i<t¥mmmvitti < . 
**w©sfawffi-cB. ±ia©mfi?a^we(c j; 

•bXCC^feit^-C. H 1 6CC*Vf <t-5«:. &1RR1 0 7© 
SlffiK^iW&Ji 1 0 8£ff2l&TS (7'nt^PR4) . 

c ©*■&«* i o 8 b, &mm i o 7 mf&?z>&m 
(m) <D*mm-zw-f2> \m a tm* 6 & a 40 

£|T'&£ 0 

[0054] TObSK 1 0 8 ©JBfifcfrffiB. /cix.B, 
&ffijgl 0 7©affitCBMtaJ*«feffiL*IMtB*JBlST 
S. &JS5EJ1 0 7t««1"*6Bl3Wi©*i6KH:. 8Mb 
IB (CuO) jPTObttltl 0 8±&S. *fc. ffi©^ffi 
ibt, £HH 1 0 7©StE«:. /c£x.B, BotKJBL 
ttft. BMfcBJtll. WBSfiitt»J*6«c4». +u-hffl) 

©l>rti*>*^RJEl/-C^«b«ll 1 0 8 if S £ £ 4>oIt& 
•C*^ 0 TOKBIR 1 0 8©«£B#K:iE5£3*i&t»*i. 50 
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msi6in##nfli 1 0 7 K*tLT*< . $«W&g#it 

$5Wi5< ifti>ttK©fe©*fieffl-r 

[ 0 0 5 5 ] JMSWCWfiraffi-Ctt. 1 0 

7©flW{c^)iRSnfc^»«Bll 0 8©#£iS!RWCt§£ 
SfS (^PWPR5) . TOMSK 1 0 8©»J?W& 

W5'J-SLKtt. «tc»-rsWBU-h©iBt»X5 

■f ^s-^f^filO'Ji-^f-T'jM 2{c 

-^W±K0tt& 6@$e-T •SP^X* 3 J: tfX * 
57 , gRW2 4*ZljWl*I«:TBS«'Cf *-^Wtc«j|* 
S7cBg3fiSlf> 9*w\W&Xtt£fflJCB>rj£©ji£^ 

K7#^|, m@fi2 3*7*7^giUT. W^IA 
3 imgffi2 3 iOlfflKgLft^^^WE^ElUirrS. U 
fe> ^^U-SLW^-Xiai^cSiRtcajBiKSL© 

[005 6] CCt, H 1 7 «±8B©ttSS«:*S^ t> v 
0, HI 8BffiJgI:B:3ttaKfctt£fF^n-fe;*£^ 

■rfti^H-r*^. hi 7{c^-ri^(c > x^5^spW2 

4#iarB. |5IfETSm©«2 3©jtgP2 3 b^6^7 
y-SL*5j:CJ t «l»jREL*i«l&3nT. X7'J-SL 
tect o*mJf?^ E LBX ^7 24*iiiiurx^7 
^3IJt#2 4©^ffi3&>6 , ?x-^W±{C«t|&3ti5. 

k i o 7 ±{c»fisstifc^«wai loss, mmmE l 

1 0 7*i»)SW4a©«lHBffl*ll3tlfcttS6K*S. C 

©fcto, ^MP. i o 7 ^cB®JS^(^i^£'isn•r\ ±ih 

©^&It6 2©*^-^ UcmSiSffiB, ©<^SUfc*$ 
•Cab So H2 5B, *HM^©^SHfi-^5fe7'o-feX 
ccfc^r^ffift 6 2 -c*- ^- Udgfamo-WZmt 
Vv-J-ChZ. H 2 5 4C^-r«?jiiffi©M^fig#i5^± 

gB©^r*€>„ 

[0 05 7 ] **5:7attt2 4©iaiteCCLfc#r>-C. * 
«WI*if¥fl3*4lr»B^7y-SL{cd*hS. fci^. 
«. ^b7;U5--5A^6^aWSlgifiPT©«S«W^ 
*fPfflKJ:or^«»iSl 0 8©fR>»», T^t>%, 

£ffiB i o 7 ©asp±©^ii«iB i o &frt>mtiimm 

*snti,><. Hi 8CC^-f J^iC. pei*3 
WiST'B. ifgIft3©^tSW^*^ffl- *41>B. W 
SiSttP T©»«aWI»*fPfflK:«fc oT^BIIt 1 0 8 CCff 

[0 05 8] C©<fc^{CLT, /ciAB. HI 9(C^"T 
«fc 5 K. 1 0 7 ©OgB±{cBfiE3n/c^tliS]i 1 

0 8 A5jilKWCC|^i$ i . ^KiffiM 1 0 8 ifiWim 
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Ki$*3hfcgKw>iE>$j«Bti o ifimmtcmmz. 
[oo59] &mm i o 7 t>mmitnmz> £. flgp-c 

•bXPR5) 0 C©i#©«J»iKEL©f^ffltt. 018 
£IRlt 1 0 7©fl»«. &JHH 1 0 7 £«J&f -SSfltffi 

ffl-Ti. Ctlfci-jT. £ISJgl 0 7*K«v-f^* 
-?e- C©v-^*«^-e- B, 017CC^t 
fcj^fc. &HR1 0 7©*ffi*6*)B»EL*ji-5-C 10 

[0 0 6 0 ] ±j£UcJ:5&c. &JRK1 0 7t«St4 
MB. 1 0 8 tctt^T*^ifi#ft < 

CO. ttf4Bfc*#7Jl]jI3tt£. *fc. MEL^L 

Tji^-r&/c&. nffii ot©&«hi 1 o 7 tm%t v 
zowmxm 3 ©mftg#-£©i»£. wmmvm 

ttM»*&<&&. C©/c&. Mrt6£l/T©SMX*3 
tcMtt, Kffiibr©^«M] 0 7 ©IHOic J: 20 
fSISg|§t©M (&M1 0 7 CDO»OttjJ»r 

TObWtfir-r*. C©£*. H2 5fc*sl>T. Pit 
iST cfc *> K . ±8E©*Sfh 6 2 ©*- * L fc«SMB± 
mUtC&Z. C©<fc5ft{fUSK:J:-3"C. &MR10 7 

ttfbWrbfi*. 

[006 1 ] ±IE©fPfflCC <fc o-C, ^USS 1 0 7 ©ASP 
tf»^£K¥m3ft*ST£9W&*llNft&iMtf 30 
Sc7Lfc#JSfill 0 7©*BB. fc£a.B. i2 0KS 
•Ti^tC. £jRKl 0 7©Dflgp-C*-7/cg|3^CC»i?-ra 
7ttfltM 1 0 8 ££JIJ£ 1 0 7 ©AS$#|i££ Sftfcffl© 
§r£ffi©«£ifiCcftS. 

[0 06 2]iS^^T. 02 HC^rf Jc^t, C©#JIfli 
1 0 7©*ffltCffgIft3fc«J:D i X7'J-SL*©We 
fiSSfic P T K «fc 0 tf toti £ E L cc J: h 

PR 7) . C©££. gH?*-*:fflttfltgil 0 8©$«W 
^tt±&Lfc£5fc«©iffiffitcJfc^Tffi<.»fc*. ^ 40 

ttflm 1 0 8 ifimmm^m 3 n a t # . ± tcm«wff 

J8JcJ:»m43*v *©T«:*5«£ffia«fflU *© 

iiafcfcWLTWSflUBjwtrt-rs. Tttflijii 08*5 

fflB^*£ft£„ CnilM^K. &£it6 2 
htcmMi. 02 5Ccfct,>TP 1 ©ffiB#>6±#L<fcm 

Witt. 0 8©»iKfl5or±»ofc». m 
v&wmifimxttsz, p 2 &s. 

CCSWPtXKiot, 1 0 7 ©Stffi©?7J 

«jiaej©jpffl<fctt^7-r5. 50 
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[oo63]c©j;^k:. 4&mB&<Dnmw.Gwm 

B. «a{tm«:ifeu-h*T^h3*i*:WBr* 

»Mr5c£#r*S. cocitt. #*fift*!«WWig 
£bTJt«t/rt>a*7 9*©ffiB. giittfntttt. r 
, p - y 3 >©ffi«ft i'©fflr^s«:Wfij 

*fc«E>. ««t?iiS*5{g<as©-(b^«we-cBiR«3 
tirososi*. wi&©ig^i$ig*>£?LSfffiiw 

[0064] ±ia©^«n 1 0 7 ©rott^ra 

It, &#ft£JIIil 07#|&i3tt££. 022K^ 
fcfc^C. ;<V7|1 0 5#sStHT£ (7cHzXP 
8). C©if . 2©*-*--f S&fcB, 0 

2 5 © p 2 "c^r^am 1 0 7 ±©*«^& 1 0 8 m 

^rgfcSSftfcl*^ 9 02 5©P3T 

7*1 0 5#&arrsi$£.g^as-£©{§££ 

/tyrill 0 5*J«HJ"r4i. fciAB. Ta, T 
i, TaN, T i N^©t*|sf*ttffll/fc*g^{Ctt. ^© 
«Slffiia*JaK:Jt^*t>fc». fc£x.B, 02 5©^' 

y 7B i 0 5 ©»tu*JBB*&'r a p 3 vrntm^hmm 

*r». ^RR 1 0 7©^-^©nn*snH , r*ttll 
t*"5. c©K»rwe»pi%-aff±f4. c©W(g 

jnx©f?±B. 0 2 5 © p 4 TTjrrj: 5 icmmmtmiz 

©<BST*T*S-,fcC£5r3> 5*5fl»}u §f 

J^Kl ©WB«lffi*»±3'&4. 

[0 06 5]»^ ^'J7ll0 5«St?, (7 - n 
•feXPR9) 0 C©^'J7il 0 5£Bfc£-f 
T'B. ±E©IB*>*51«BJi3tl*&llill 0 7{C»l/rW 
^U-h©S^X5y-SL-CB/5:< 1 Ta. TaN. 
T i . T i N3©tmfr&JBfiS3tifc'< 'J 7Ji 1 0 5 (C 
>PtbTffeu- h*!W<. ^HMl 0 7CC>PtLTifgU 
-h©fil>^5U-SL*ttffl"rS. -r&*>%, ^*'J7 
■ 1 0 5£^)l)il 0 7©WBU-h©ailRJt36i-Ct5 
EW** ft X 5 - S L ?:ftffl-r a, 

[0 06 6] 3 6(C. t-^'-.f^fi'aK.tSf^ ? 
t/>d/. iD-i?3>©**?:flII$lJT-2)tl*^*'6. € 

mmm6 1 ©m*«E*±ia©^o-i2^j:*) *>/j^< l 

T/<'J7Jil0 5©WBI»**if^. if^I*3 
©ttlIE^fe±ie©^0*^«fc 0 *>/h3 < "T 4©3WfiF* 

U>. ««W«6 i©m*«E*^3<-r*c 
£. ^'j7Hio5*K5*-rsi)»niiie«Bii 

0 2 *saffi(C»Wr C £ 6 . «R¥«ft©fiB/h3 < 
fta©T. ±IE©m?fil+6 2(Cj;.6^mS©- : E^^K 
f<CX.T. ±SE©JKS9f6 3ecj:- 3 r^i»7^»tt2 4i 

w^x*3 4©ra«:«ajsR**i*--r4. 

[0 06 7] ^'J7JH1 05*m£-? Si. 02 3CC^ 
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*p i o) . nmKiMti 02&nmzt> E2 3K 
strife. c©«waB»tc». pisiC/Tafficcas 

•7£te&©#!H 1 0 7 U 7*1 0 5 #ttl>fc«>. 

x * 7 2 4 k. j: & a«# sik $ ft. JMN&aut i 

0 2<D&tiimv<D*mmifi&±tt>. cot*. t& 
Ki+63icj;oT*^f-L tcmm&mm ami t « c 

t o o 6 8 ] c c-c, 1 0 7©g8?-r4SB»t 

'j7ii o somnufttomv. ±aott^nmi o 

7©fl»©l8ftllffl©Ji^il5Itt«:. rfcto*. TftjB io 
M 1 0 8 ©ft9 CC'< 'J 7K 1 0 5 *«M8Ct©« 
4t/t. ^HRl 0 7©»#a^^«»««©JI'f># 
tec Qaftfttc&jMt 1 0 7 ©»#»#ti&li]K£<s n 
4. W?ftffl©ff±bfcaJ»KB. ifgI*3iX7'J 
-S LKJ:6«dWftttffl»*ffffl©**«i#WK« 

<. 

[0069] ici-e. as©^^«wer«. >; 
m i o 5 tej; cf^jiM i o 7 (omwmm i o 2 tc*t 

m*v-y>4 UTJUBUMfK 1 0 2©±ffl©^tt£ffi 20 
g*lliSl/«t^iL't^4. C©tefib. #H)il07© 
»i/>d/ttjfiwe>httl»flt(i)E<b&o-Ct>4. Site. 

^©B3-ttccfti?-r4te&. ^'J7H1 0 5te<fcO'# 
Rll 0 7©|*S*J+»t?B&t»Jt^fcl6*-r4. C© 

te». * >; 7« 1 0 5 teetotum 1 0 7 tfimmimm 

1 0 2©±ffi«c^tfctf»r*47>#-jj* , j f * 

*KKfc»CcB\ »4«©ffirt^^-4W)*-^-!j< 'J 
0-j;a>©«{t«*JW«){caWi£»tlttC>. *n 

iUBsrctt. «>*-^w©iBrt^H4**ssaii»i/ 

TteWB. JBHft&iKJO! 1 0 2±{c»Sy< v rm 1 0 5 . 
*4t»«. £IRSil 0 7 ©«??»»«: B««?ffiffl*Htt< 

c 4 -cmnunifts *i. iintftiui 1 0 2 ©stasia 

e>jSffi*Jff±rs. c©te«t>, MflMfiggl l 0 2 ©?& 

©&£#««;? ns. 

[0 0 7 0 ] ±IE©J:^(CL,T. teixB, Ta. Ta 
N. Ti. T i NmottWPhBf&ZtltcrOJTmi 0 40 

'J vi/a.K.&h? 4 visyy, XD-^3>©|64^}CP 
»Tac£#fC*S. Site, iib/c^'JTll 05© 

< issr 4 c i T«*ag( Jii < mm mm 
aqy^&ai5#©Bsa©iBii*> fc& s-femig 107* 

*!>fcWft«. >< 'J 7$ 1 0 5 tt&JJM 1 0 7 KUt^TS 
otetfv? y 7*1 o 5 ©!**«§ flfct'hS < . c©7*a 

tXKtel>tM'7 , ;=t ; -^fcj-tf&ote^L-C&fw 

lP-^3>©ffiMffl««ta-C#5gSKii>/j: 50 
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mm* - vwptt < mmitc i>¥-wmz® z>zt 

#557 b fc»£T>< y 7H 1 0 5 *B££f 

WT?Z> (7'o-fe^PRi 1) . 3>ha-755«l 

S*££x{§©fii£«»rL,T. iFB»« 1 ©ftlXttft*#± 

jnt/fc**©tffl»"c. wBiAst^x-^woaffitc 

831*3*1*. «*.«. 1 0 0 ntmgg±£aj§3-t±££ 
ir, SttSflWfetttrb-r. *ISfPffl©*tcJ:&y>- 

H 2 3 K^-T «fc 9 K . HMIftKR 1 0 2 if K BiBi® 1 0 
9te<fct>*:3>£* h 1 1 0*s«*lfi«JfC^3tv-5). 
[0 07 2] Gfftl 0 9 teuton h 1 1 

0 ifiimi nte^2»<*^gtc*f l/T7 5r» ^?rtT 5 
(7 - PH2^PR 1 2 ) „ C©7 7-r»^'q-feX«, 
EMI 1 0 9 te<t t>'3 > Z t> H 1 0 >WBfiR3 fifctft. K 

K. wei£3K:75*©A;bxWBE£EPllIU 

■j-SL^-f-^ ^;u%^*^4. 4HMWttru:. 

4. teijttt". 7JVS4-«>6ft&IMKttPT»^tttt 
^<fc<-T4tefi!)tcE5C^ : m3-B-Cl^tes!), 11^6^4 

&mmi o 7«iB(c««ntcf@euriift£Aix(c«^L 

te©%SS(-t-ricg|§OteJi^(ct. SlfiBiL/T©#H 

iio7 zffif&tzmommicmm z> c t \zu < . m 

2 SiC^L/teJc^tC. BE@iL/r©ff^X*3©aEfC 
Sff#b-C^©JJDXCcSWSo 3 iECC^mUte 
A— ?4 *?)li>®mt L/-C©P®I*3©«ffl(C5l#SF 

ife»^.2)te«>. WDUffltcajs-rscittai,*. — 
*) x-MW©affl^«#ur*K^t-ti^>'> , -f- -< 
^jnb±5S©7 7y» sector. ^*-^w©affi 

*^^4t4Ci^-Ct€.. Site, WB»ttPT*Jft«: 

»ffi^S3tif{c. aiu*>«>x- ****** 

Tiig*^***. **ffiff^-CB. ^ftWBHtiPT 

^iEcc^m3#rteit, 7 7r»^a-5tc 

©WH3&s»jfi3tl-5. ftte. W^tg^iOT. $rtt7^ 

[0 07 3 ] JW±©J: *HiS^glK:{S4*«f*SI 
B©«HI»ffiK:J:*itf. ffi^Ml 0 2rttcff^tteiei^ 
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7 dc^mmm i o 8 u £nn i o 7 ©waj 

S« 1 0 8 * * £ LTSEtcStH t /c^«M 1 0 7 
.*WJSW*KJ:oTaiRHK:|*£U ftotffifffttcll 

*fc. ffl«B3i!W¥^;*ttfc£JI£l 0 7«. m 

rt^fiMfiweoa^ l /tmigif £§f etc iot 

10 7£|*3;T* 5. e©fc». flfBl 

CC. 7V f»^xo-i? 3 >©|fe^*Jtp$IJ-r-5Ci 
[ 0 0 7 4 ] Sfc. *jS5fe^SlK#S^ftSlg©i!jg 

u mmmme i<omtmsm<imm^rimibx^ 20 

1 0 5£t6HCC|£:£-Ct, *--K#y y*/a#fciHBaJi 
£Cck. fv »r»ma-y 3 >oil4M/hJ < 
HP*. SC. 

[ 0 0 7 5 ] us fc. *mMBmmz¥m#mg<DWt& 

^ffiJCfctitf. #JSji©Wg£Sji?«£9FBCcJ:oTiS 

ci*s-rfif5fc». fcaa, <Br8»*2KbfcJ:W«8 
< bi?©fi £ *> 6 Srffiigcf £ fc» kubb^js 1 0 

2 £ LrtS*S9«j3Se*lJ:b«9«J(5l,^WIS»<fii|*^IS^^ 30 

[0 07 6 ] ±j£LfcjUftJ&Sg-C«. £JIIi©§l : BJJOX 

fi©*6*tfflt*. «»«*©«j«£iwsiji3©$*- 
^w*aa-r*«!iai"c«iw-c*i. ±at/cn*g^-c 

[0077]Sfc, ±a?Lfc3IM5^-CW, X7'J-S 40 

££tt£Ucm#«£WB©i«£fcot>Ti&i8l,fc&5. 
**w«cnccBue3na«,>. *•&*>■&. x 

7y-SL£jm>-fCC. m8?$EL©®!?§fB£flfgX 
A3©WB®3 aCCcfc£««flfBCc«fco-CflfB«£5Fg 

[ 0 0 7 8 ] *fc, IMUdmmi&X-U. flFBlJI3 
im«2 3£©Rg£ifcftS®Sffi£*x£--u C© 
ffitta-^-C'-ty-HBti 0 5#&UBT &S-c©5Fg7 - p 
■fe^?rfiOfc*s, ^©WB^P-feX^^r-^-O/c 50 



#BB2 0 0 1 -77 1 1 7 
26 

mmmmva, wmj-m tnmm 3 tcmowm 

£iffi£*~£-U C©ffiCCB-3t,vC. ^>;^10 5 
©iS7 - D-feXO*©f I?rff ^ Mi l/c*. £T© 

WB^'n -fe x * - u /tmaffitnfflrgsf S C <b 
[QQ79] yam 1 

02 6«. ##&WK&SfflB£g©-^ffl£^T1W8 

:^1*2 4*«jMUIWii2 3£K:«fc- 3 TfTofc. 02 
6CC^TJ:5Cc, *M -MftDfFBlJU 0 1«. fFB 

-/\W£ * + i. + > y Ue|$£3 -tf S 9 1 f-- 4 
0 2«:fcil|«tt*«Ffctt4*JiR4l/-Cfc«fc(,>. WBIH 

4 0 i^©*sm«. ±aLfc*»»»ii5ia©aifiteif 

5« C©iS£CC(i. ■>*-^f--7';l'4 0 2^©iim 
«. ^i-^r-^;b4 0 2©TSPtcn-^ ij-i>3 ^ 
> I- 4 0 3*18:1}. D-5? , ;-ya^>h4 03(Cj:-5 

■ts«jS£TSc£t. *Aw»©tJ9&*tf5c£*j-e 
[0080] mM2 

02 7». *!6WK^SifB«g©ffij©^^01|*^-rill 

■5x-/Af--7'jl,5 0 2«. ^ i-^W*^x-^W© 
HB(CR»A:Vf— t'J>^'5 0 4{C<fc^Tfi58l/ri» 
S. WBI^5 0 1 KB. «mtt*^/cif^ii^«C, 
'ir-t 'J >^5 0 4 CC t »*tt*^Ffc-& . W@IM 5 

o i «:tt±a5o*ji*}Bfli<t^tt©fli«t?i&« , ra. s 
±ia©^*yT»gB^$rs^jim-r5„ secc, yf- 

}-y>^504{CB. ^x-Mf--^;U5 0 2©TS|5CC 

KW6tvfcp-3ry^ 3 -f>h5 03*ai;r*&a'r 
x y ©su»r yf--y-y>^504©/i3 &.±<omm 

<Cir. WBI^5 0 1 t'Jf-ty>^5 0 4i© 

[oo8i] mm s 

M^0r-*€. o 02 8CC^-TifBilg«. fiE*32© 
CMP«g«c*|Bi»©«WiffB«ft*«JnLfc*>©'C* 
3t«2 0'l±CCWB/'C? K (©fBW) 2 0 2« 
#Snfc5fBlA©5fBffi{c-5x-^f-+ y ^2 0 7CC 
JioTf-t ^ + >y$n/c)i-^W©^li*[ife§ti 

gf*S, WB^'y K2 0 2(C». H^mg2 04i|^ 
ffimffi2 0 3 i*fiMtt^K35EE«:Sg3*TCl>S. £ 

tc vmnfe2 o 4 1 mmmm 2 0 3 1 «&tt# 2 0 6 



27 

M&*S2 0 4 0 3 ££IKtt2 0 6 tic «fc 

•jtiW^j F2 0 2ttflW&S*lTI,»4. gfc, 9*- 

6tc. tCWBSSS&tB. 5FB^ ? F 2 0 2 ©SSJcm 
LteJ;yX7 y -S L*tt£-*-«0t£B2 0 8& 

Rw&n-cfeo. m(BWBfcJ:tf{retS«jSJB£«£;* 

[0 0 8 2 ] CCX\ 02 9 B. ±£ttJ$©ilFB£BtC 10 
«fc-sa»a[^i!FB«f¥*lftWr4fc«)0H"C*4. & 

snr^stoi-rs. 029^-3- mfl?$£ 

WB^KB, >5*-/NWaffi{C^3*lfciB)i2 1 o £ 

wb^ »F2o 2©ifeffii©ratc«. mmm Lfc<t 

SmS2 0 3 ±©lfflCCifiijfe*EjW£PlJD3ft. ®t i 
SSff2 0 4^e>SISifiEL%aoTlgit2 1 0ft££ 

•jtsyifgiSE L^a-3Titem@2 o 3 ccssns. 

COi*. 02 9CC7jVfRGl*9©ttjfi"C«« «Mfft8<C 20 
<toTffl)i2 1 OflS^HJ-rSiiMc. ^)g2 1 0B#F 
9 F 2 0 2 <t X? y - S L K JcSfttttiM&fHBCC 

[0 0 8 3 ] C©J:5MMS£T*C£KJ:9. ±j£L 
^*»MWCtt*5fS«l £H*©^#*3h4. 
fcfc. tfJftrCv FKRWilWWttt. ttfi«SOSB» 
H2 8©«fiJctClB3e$*l4*3W'rttto<. /c£*B. 0 
3 0 iCjjkt cfc 5 tc. «l*<DM!f©|!IffilIffi 2 2 2 £tSHft 
tc3?[Slfi§iti25>JU |iiffim@2 2 2tcJ:-,-tffl$ft&# 
teJB«8«:ttWi«2 2 3*E«U 2 30 

»gmfiB2 2 3 ££iffeii&2 2 4 TMtjRKHClftltOfcW 
Spt 9 K2 2 1 £ I, T 3f>CC. fcix.lt S3 

242 ^i5]>c>±tci6aL, &mmmm 2 4 2 racers 
<iiiRtt»«{cHts*S2 4 3 ^-en^niesL. n& 
mm 2 4 2 ipaffim® 2 4 3 i &*BMttt 244 rssiw 

CC|ft»OfcWB^» F2 4 i tirtio. 
[0084] 

©a^ffltci-a-r^aiJiiiiFja-rsor. $«$fbk 40 
mw&xMum its-sen. ^x-^sffi^a-ra 

©*K±-rSC *S0OlSl±*EI5C<t*J'C 
**. *fc. *»HKJ:titf. ffffi$tc&ffgt©l!*£tf 

-h#W6ft. WSLfc&IIBtK:;**?**. -f-f yf 
>{r. xa-y 3 >*f^£TS©*WWT4C£*i-c 50 



#08 2001-771 17 
28 

#4. 3 *»9J{cJ:*itf» tfcJRfl«HSl>5f»BE*"C 

j: o*jift*©«^*' 6 aHs^&fisw 6 fc» 

Steaill*Ffl6r*5. Sfc. #$6WC«fc*l«. Jini&tt 
H±{c»*^ i ;+R. **l»tt. £HI©»»««WtfB 
]WI<CfC«*»K|lSfeStl. IMWI©lltti»»a>6 
«tH*H»±-rSA:©. W»©ff±«lS4SIMW:Wfii-r 

ft, W*^o*x©»fWi*iE»«:*air*Ci** 
iliiSS. SEfc. *3£8UKJ:*itf. wBi^tftss 

*u©n©«attSn***-* y>^-racit\ mss 

[@ffi©fS#a^] 

[01] *»9)!©9fB*B©-ll*BKflS©»iS*^-rH 

[02 ] 0 i©wbsh©^9 Ym>mmz7frrtfck® 
x$>*>. 

[03] ( a ) K*ff£2 3 ©tUfiC-WfcSVrTBH 
T$>0. (b) K*S£2 3i. 9«N2 0, 

aw* 2 Ats&znmtmA to&.sm^^tmmmx 

[0 4] PBl^i , i'x-^<t©M^ ; &^1"0'C , *a. 
[05] WBXftfc»LT$x-/vfex«2f|6jic£tt3 

•a-/c«T-?:^-r0r-*)a o 

[16]^-; Ftoia^x-^ifBtoit&tfli* 

[07] ifBl*i«fi«<t©Hft*^-ria-C*4. 

[08 ] xmwwmgimommwmmmzmjitztc 
a>©0-c*a<, 

[0 9] *»w©^»^ia©»Ji*ffi©-^*»«K 
^a m& y o -t x 1110 -c * a . 
[010] *mm¥m&£R<Dmmi5m<Dmmy'v* 

X*7n?ttiMmx$>2>. 

[01 1 ] 01 0K.m<mM^o^^7jktwmmx3b 
a. 

[0 1 2] 01 HC^<»|j«7 - aH2X^T*tffl0-C* 

a„ 

[0 1 3 ] 01 2{c»<Bjs^o-fe^*^-rKffigir* 

[0 1 4 ] 01 3KR<Mfi^O-b^*^riBrfflH-C* 
[0 1 5 ] 0 1 4 CC^-r¥*ft^S©»iHfit3&©^0 
[0 1 6 ] 01 4Ktt<K«:/PteX47jVriKIiHr* 



(16) 



200 1-77 117 



29 



30 



* So 



[01 9] 01 6fctt<»jI:/nfeX4^-rKiIiB'e* 
[02 0] ^JDgcDflgR^SJRWtcl^SStiMbSn 



[03 1] F©*ffl»ja©S^Ccfl6©«%^-J- 
0r&S„ 

[03 2] r^TJb^v-»ffi(cJ:SiBSJfM^D-fe^ 
[03 3] 03 2{Ctt<E«^7-n^X^TW0 

r&s. 

[03 4] H3 3K«<E«^J«^o-fe^Sr^-j-BrfflH 

■c&s. 

[02 1 ] 01 9icm<m&7B*z*7jktttimm~cjb io [035] 03 4«:»<BiajefiJE^o-fe^%^»ffflig 

s„ -e*&o 

[03 6] H3-5{ct*<B»»«^n-feX4^-riKiBia 

"CifeSo 

[037] 03 Q&m<&mmy'v-b*zmtwwm 

[03 8] CMP;a(c<fcS£JSMCCfflganiCcfc(,vtf6 
4t5f^ ^>^£i&BJ3^Sfcfe©»rffi0-Cc&S. 
[03 9] CMPatCiS^MJStCff^aiXtCte^T^ 
£T S i D - V 3 > £i£BJ-f S fca6(D»rffl0T$) S. 
[04 0] CMP£fCj:S£ISJI&C§fgfll]IK:fct,>-C2fe 

[04 1 ] cMPmc^^mmicm^mxiOs^xm 
£-rs 

[^©^] 

1 -ife^g. 1 1 ■ mj.^y Kgp. 6 1 -mmmm> 

55-3>H3-755, 7 1 -J^y-gMSgg. 8 

1 



[02 2] 02 Kc&<tJjg7n-fex£*n-r»iffl0-C4> 
S. 

[023] 02 2im<m>7n j ez.*jh-$mmmvh 

So 

[02 4] ifBJDX^Tl/fc^ftJSBK^l/r?^ 

» is > ^ L/c«*i^^-rKffl0r* s. 

[02 5 ] «B»^SFS.^O"bx«:*5t»T*i*-l/yt 
«fcffi©-0!|£7n-r ^5 7 So 
[026] *#6M©ifJS«!B©^«*^riat?**. 20 

[027] *&w<DW&m&<D2 htcmommzm? 
[028] *miic%mm$i&<DttL<Dmimm*m-$ 

W«fiS0r*So 

[02 9 ] 02 8iC^L/t§fJg3£g(CJ:Sm)S?«£SFg 

[03 0] 9fg^ - ^ F©*ffifcj£©ffe©0ij-£7jtrigr&* 



[01 ] 



[04] 




(17) 



#132 0 0 1 -77 1 1 7 



[02] [03] 




(18) 



<®m 2001-77117 



[06] 



[016] 




108 




■12] 



-PR1 



Jr 



PR2 



^PR5 



I ^«^«Mi«[^«f» L—PR7 



c 



3- 



PR9 



J- 



PR10 



i 



-PR11 



PR12 



14] 



1 9] 



104 





107 



(20) 



2 0 0 1-77117 




125] 



127] 




PI P2 



( \ 
P3 P4 



mm 



\ 



504 i 



501 

W » 




T 

502 



71 



503 



[128] 



[02 9 
i 




202 




G 
- W 
-210 
EL(SL) 
204 
-203 



202 



(21) 



1MB 2001-77117 




[032] [033] 




[038 ] 



[03 9 ] 



(22) 



=8182 0 0 1 -7 7 1 1 7 




7 COh^ 



(51)Int.Cl.' SUI3B# 
H 0 1 L 29/786 

m»tRD D pJIKtD D pJH6TS7#35-^ V- 



F I f-n-V (##) 



HO 1 L 


29/78 


6 1 9 A 






5F033 HH11 


HH18 HH21 


HH32 HH33 






3318 3321 


3332 3333 




KK01 


PP06 


PP14 PP15 




PP19 


PP27 PP28 


PP33 QQ09 




QQ37 


QQ46 QQ48 


QQ49 RR04 




SS04 


SS13 XX01 






5F040 DC01 


E303 E308 


FC10 




5F043 DD14 


DD16 EE08 


EE14 EE35 




EE40 


FF07 CG10 






5F110 AA18 


NN02 NN23 


NN35 QQ19 




QQ30 







